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iBAX Abstract Title: Plastically deforming and radially expanding a tubular member 

(f>7) A nnonO'diameter wellbore casing is formed by plastically deforming and radially expanding a first 
tubular member 155 within a wellbore 10 using an expansion cone 115 with an over-expansion sleeve 
130. The over-expansion sleeve 130 may be made of a frangible or elastic material or be composed of 
arcuate inserts separated by resilient members. After a predetermined time period and/or a 
predetermined axial displacement of the cone 115, the over-expansion sleeve 130 is forced off the cone 
115 due to the frangible or resilient nature of the over-expansion sleeve. Continued movement of. the 
cone 115 expands the tubular member 155 by a lesser amount than that provided by the combination of 
the over-expansion sleeve 130 and the cone 1 15. A tubular member 200 is placed in overlapping 
relationship with the tubular member 155 and plastically deformed and radially expanded to mate with 
the tubular member 155, An expansion cone 215 is driven downwardly to plastically deform and radially 
expand the tubular member 200 to form a mono-diameter casing. Other embodiments are described in 
which the initial expansion is done by an inflatable bladder or a roller expansion device. 
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Background of the Invention 
This invention relates generally to weiibore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

Conventionally, when a wellbore is aeated, a number of casings are installed in 
5 the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The tx^rehole is drilled In intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 

10 smaller diameter than the casing of the upper Interval. Thus.^e casings are in a 

nested anrangement with casing diameters decreasing in downward diredion. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested anangement 
a relatively large Ixwehole diameter is required at the upper part of the wellbore. Such 

15 a large lx)rehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttirigs. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 

20 removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for fonming wellbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plastically deforming 
25 and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and nieiarts for plastically deforming and radially expanding a second portion 
of the tubular member to a second outside dianriefer 

Aooording to another aspect of the present invention, an apparatus for plastically 
30 deforming and radially expanding a tubular memt)er is pro\4ded that Includes a tubular 
support member including a first fluid passage^ an expansion cone coupled to the 
tubular support member having a second fluid passage fluididy coupled to the first fluid 
passage and an outer conical surface, a removable annular conical sleeve coupled to 
the outer conical surface of the expansion cone, an annular expansion cone launcher 
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coupled to the conical sleeve and a lower portion of the tubular member, and a shoe 
having a valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
defomrting and radially expanding a tubular member is provided that includes plastically 
5 defomriing and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 

10 defonming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overiapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 

15 nr>emt)er to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular memtiers after the plastic deformations and radial expansions 
are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 

20 first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to 
a first outside diameter, means for plastically defonming and radially expanding another 
portion of the first tubular meml>er to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member In pvertapping relation to 

25 the first portion of the first tubular member, means for plastically defomriing and radially 
expanding the second tubular member to a third outside diameter, and 

m e ans for plastically d e forming and rad i ally pvpanfiing thft RPmnH hihniar nr> Amh0 r to ^ 

fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expartsions are substantially equal. 

30 According to another aspect of the present invention, an apparatus for forming 

a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the welltK)re. means for plastically defomning and radially 
expanding a first portion of the tubular member to a first outside diameter, and means 
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for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes a tubular support member 
5 including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluidicly coupled to the first fluid passage and 
an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansion cone, an annular expansion cone launcher coupled to 
. the conical sleeve and a lower portion of the tubular member, and a shoe having a 
1 0 valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically deforming and radially expanding 
1 5 another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellbore Is provided that includes supporting a 
first tubular member within the wellbore. plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically deforming 
20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioriing the second tubular member Inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically defonming and radially expanding a first portion of the first tubular member to 
• 30 a first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member in overlapping relation to 
the first portion of the first tubular member, means for plastically defomning and radially 
expanding the second tubular member to a third outside diameter, and 
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means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 
According to another aspect of the present invention, an apparatus fdr 
5 plastically deforming and radially expanding a tubular member Is providedthat includes 
means for providing a lipped portion in a portion of the tubular member, and means for 
plastically defomiing and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically defomning and radially expanding a tubular member is provided that includes 

10 a tubular support member including a first fluid passage, an expansion cone coupled to 
the tubular support nrieml^er having a second fluid passage fluidtcly coupled to the first 
fluid passage and an outer conical surface, an annular expanston cone launcher 
including: a first annular portion coupled to a lower portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates with the outer 

i 5 conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled to 
the third annular portion having a second outside diameter, wherein the second outside 
diameter is less than the first outside diameter, and a shoe having a valveable passage 
coupled to fourth annular portion of the expansion cone launcher. 

20 According to another aspect of the present invention, a method of plastically 

deforming and radially expanding a tubular member is provided that includes providing 
a lipped portion in a portion of the tubular member, and plastically deforming and 
radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 

25 first tubular member to a second tubular memt>er is provided that indudes providing a 
lipped portion in a portion of the first tubular member, plastically defomiing and radially 

e xpanding a noth e r port i on of the fi r s t tubu l ar meml?er , po si t i onin g-tfae second tubular — 

member inside the first tubular member In overfapping relation to the lipped portion of 
the first tubular member, and plastically deforming and radially expanding the second 

30 tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular meml>er is provided that includes nneans for 
providing a lipped portion in the first tubular memt)er, means for plastically deforming 
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and radially expanding another portion of the first tubular member, means for 
positioning the secx>nd tubular member inside the first tubular member in overlapping 
relation to the lipped portion of the first tubular member, and means for plastically 
defomning and radially expanding the second tubular member. The inside diameters of 
5 the first and second tubular members after the plastic defomoations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for fomiing 
a wellbore casing within a wellhore is provided that includes means for supporting a 
tubular member within the wellbore, means for providing a lipped portion in the tubular 

1 0 member, and means for plastically defomiing and radially expanding another portion of 
the tubular memt>er to a second outside diameter. 

According to another aspect of the present invention, an apparatus for fomning 
a wellbore casing within a wellbore Is provided that Includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support 

15 member having a second fluid passage fluidicly coupled to the first fluid passage and 
an outer conical surface, an annular expansion cone launcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a 

20 first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than 
the first outside diameter, and a shoe having a valveable passage coupled to fourth 
annular portion of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 

25 wellbore casing in a wellbore is provided that indudes supporting a tubular member 
within the weiltx^re, providing a lipped portion In a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tutHJiar member. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellbore is provided that includes supporting a 

30 first tubular member within the wellbore, providing a lipped portion in a portion of the 
first tubular member, plastically deforming and radially expanding another portion of the 
tirst tubular member, positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
plastically deforming and radially expanding the second tubular memt>er. The uiside 



diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming 
a mono-diameter welltwre casing within a wellbore is provided that includes means for 
5 providing a lipped portion in the first tubular member, means for plastically defomring 
and radially expanding another portion of the first tubular niember, means foc- 
positioning the second tubular member inside the first tubular member in overiapping 
relation to the lipped portion of the first tubular member, and means for plastically 
deforming and radially expanding the second tubular member. The inside diameters of 

1 0 the first and second tubular members after the plastic defonrotions and radial 
expansions are substantially equal. 

According to another aspect of the present Invention, an apparatus for 
plastically defomiing and radially expanding a tubular member is provided that includes 
means for plastically defomiing and radially expanding a first end of the tubular 

15 member, and means for plastically defonning and radially expanding a second end of 
the tubular menriber. 

According to another aspect of the present invention, an apparatus for 
plastically defonning and radially expanding a tubular member is provided that includes 
a tubular support member including a first passage, an expansion cone coupled to the 

20 tubular support having a second passage fluididy coupled to the first passage and an 
outer conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 

25 annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned in opposite orientations. 

: Accord i ng to anoth e r as p e c t of th e pr o s o nt inv en t i oni a method of pl asfealiy 

deforming and radially expanding a tubular member is provided that includes plastically 
defomrvng and radially expanding a first end of the tubular mennber, and plastically 

30 defcxming and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular nr>ember to a second tubular member is provided that indudes positioning 
the second tubular member inside the first tubular member in an overlapping 
relationship, plastically deforming arid radially expanding the end of the second tubular 
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member that overiaps with the first tubular member, and plastically deforming and 
radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 
5 positioning the second tubular member inside the first tubular member in an 

overiapping relationship, means for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

1 0 According to another aspect of the present Invention, an apparatus for forming 

a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plastically defomning and radially 
expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a second end of the tubular member. 

15 According to another aspect of the present invention, an apparatus for fomiing 

a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support having a 
second passage fluididy coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outer conical surface of the 

20 expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and another annular expansbn cone 
movably coupled to the tubular support member. The annular expansion cones are 
positioned in opposite orientations. . 

25 ' According to another aspect of the present invention, a method of fomiing a 

wellbore csising within a wellbore is provided that includes plastically deforming and 
radially expanding a first end of the tubular member, and plastically defonning and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of fomiing a 

30 weUtx>re casing within a wellbore is provided that includes plastically defomiing and 
radially expanding a first tubular mennber within the wellbore, positioning a second 
tubular member inside the first tubular member in an overlapping relationship, 
plastically deforming and radially expanding the end of the second tubular member that 
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overlaps with the first tubular member, and plastically deforming and radially expanding 
the remaining portion of the second tubular memt)er. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wieilbore is provided that includes means for plastically 
5 deforming and radially expanding a first tubular member within the wellbore. means for 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, means for plastically deformirig and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically defomning and radially expanding the remaining portion of the 
10 second tubular member. 

According to another aspect of the present invention, an apparatus for bridging 
an axial gap between opposing pairs of wellbore casing within a wellbore is provided 
that includes means for.supporting a tubular member in overlapping relation to the 
opposing ends of the wellbore casings, means for plastically defonming and radially 
15 expanding the tubular member, and 

means for plastically deforming and radially exparxllng the tubular member and the 
opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided that 
20 includes supporting a tubular memt>er in overiapping relation to the opposing ends of 
the wellbore casings, plastically deforming and radially expanding the tubular member, 
and plastically deformirig and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

According to another aspect of the present invention, a method of fonming a 
25 structure having desired strength characteristics is provided that includes providing a 
first tubular member, and plastically defohning and radially expanding additional tubular 

members onto th e interior surfac e of t he fi r s t t u bul a r member u ntil the de s ired strfinpth .- 

characteristics are achieved. 

According to another aspect of the present invention, a method of fonming a 
30 wellbore casing within a wellbore having desired strength characteristics is provided 
that includes plastically deforming and radially expanding a first tubular member within 
the wellbore, and plastically deforming and radially exparuling additbnal tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member, the first tubular member having an 
original outside diameter ODo and an original wall thickness to. is provided that Includes 
plastically deforming and radially expanding a first portion of the first tubular member to 
5 a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the firsl portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
10 the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and the ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness lo of the first tubular member is greater 
than or equal to 16. 

15 According to another aspect of the present invention, a method of forming a 

mono-diameter wellbore casing is provided that includes positioning a first tubular 
member within a wellbore, the first tubular member having an original outside diameter 
ODo and an original wall thickness to, plastically defonmihg and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically deforming 

20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular meml>er in 
overtapping relation to the first portion of the first tubular member, plastically defonming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically defomiing and radially expanding the second tubular member to a fourth 

25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal, and the ratio of 
. the original outsMe diameter ODo of the first tubular memberto the original wall 
thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present Invention, an apparatus is provided 

30 that indudes a plastically deformed and radially expanded tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter. The ratio of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 



According to another aspect of the present invention, an apparatus is provided 
that includes a plastically deformed and radially expanded first tubular member having 
a first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically deformed and radially expanded second tubular 
5 member coiipled to the first portion of the first tubular member The ratio of the original 
outside diameter ODo of the first tubular membier to the original wall thickness to of the 
first tubular nDember rs greater than or equal to 1 6. 

According to another aspect of the present Invention, a wellbore casing formed 
in a wellbore is provided that includes a plastically deformed and radially expanded first 

10 tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically defomied and radially 
expanded second tubular member coupled to the first portion of the first tubular 
member. The ratio of the original outside diameter ODo of the first tubular member to 
the original wall thickness to of the first tubular member is greater than or equal to 16. 

15 According to another aspect of the present invention, an apparatus is provided 

that includes a plastically deformed and radially expanded tubular member. The ratio 
of the original outside diameter ODq of the tubular member to the original wall thickness 
to of the tubular member is greater than or equal to 16. 

Brief Description of the Drawings 

20 Fig. la is a aoss sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. 1 b is a cross-sectional lllustratkin of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 1a. 

Fig. 1c is a cross-sectional Illustration of the injection of fluidic materials through 
25 the apparatus of Fig. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenable fluidic 

seali ng m a terial s through t hp ap paratus nf F i g ir 

Fig. 1 e is a cross-sectkmai illustration of the pressurizatlon of the regkjn below 
the expansion cone of the apparatus of Fig. Id. 
30 Fig. 1f is a cross-sectional illustration of the continued prossurizatton of the 

region below the expansion cone of the appai^tus of Ftg! 1e. 

Fig. 1g is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. If following the removal of 
the over-expansion sleeve. 
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Fig. 1h is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 1g. 

Fig. 1 i is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Rg. 1 h. 
5 Rg. 1j is a cross-sectional illustration of the radial expansion of another 

. . expandable tubular member thai overlaps with the apparatus of Fig. 11. 

Fig. 1k is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Rg. 1 1. 

Fig. 11 is a cross-sectional illustration of the completion of the secondary radial 
1 0 expansion of the other expandable tubular member of Rg. 1 k to form a nK}no-diameter 
wellbore casing. 

Fig. 2a Is a aoss sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sectional illustration of the placement of an eml>odiment of an 
15 . apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 

Fig. 2c is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 2b. 

Fig. 2d Is a cross-sectional illustration of the ir^jedion of hardenabie fluidic 
sealing materials through ti>e apparatus of Rg. 2c. 
20 Rg. 2e is a cross-sectional illustration of the pressurization of the region below 

the expansion cone of ttie apparatus of Rg. 2d, 

Fig. 2f 1$ a cross-sectional lllusti^tion of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a cross-sectional illusti-ation of the completion of the radial expansion 
25 of the expandable tijbular member of tiie apparatus of Rg. 2f. 

Fig. 2h is a aoss-sectionai Illustration <rf the drilling out of a new section of the 
wellbore below the apparatus of Rg. 2g. 

Rg. 2i is a cross-sectional illustration of the radial expansion of arK>ther 
expandable tubular member tiiat overlaps witii the apparatus of Rg. 2h. 
30 Fig. 2j is a cross-sectional illustration of the secondary rad^l expansion of the 

other exparKJable tubular member of tt>e apparatus of Rg. 2i. 

Fig. 2k is a cross-sectiorial illusti^ation of the completion of the secondary radial 
expansion of the other expandable tubular meml)er of Fig. 2j to form a mono-diameter 
wellt}ore casing. 
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Fig. 3 is a aoss-sectional illustration of the apparatus of Fig. 2b Illustrating the 
design and construction of the over-6)^ansion insert 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the over- 
expansion Insert of Fg. 3. 
5 Rg. 4 Is a cross-sectional illustration of an alternative ennbodiment of the 

apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion insert 

Fig. 5a is a cross-sectional illustratibn of a wellbore including a preexisting 
wellbore casing. 

Rg, 5b is a cross-sectional illustration of the forntation of a new section of 
1 0 wellbore casing in the wellbore of Fig. 5a, 

Fig. 5c is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of the wellbore casing of Fig. 5b. 

Rg. 5d is a fragmentary cross-sectional illustration of the Inflation of the 
inflatable bladder of Rg. 5c. 
1 5 Fig. 5e is a aoss-sectional illustration of the new section of wellbore casing of 

Fig. 5d after over-expansion. 

Fig. 5f is a cross-sectional illuistration of the new section of wellbore casing of 
Fig. 6e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the fonnation of a mono-diameter 
20 wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 

Rg. 6a Is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Rg. 6b is a cross-sectional illustration of the forniatiod of a new section of 
25 wellborecas'inginthewellboreof Fq. 6a. 

Rg. 6c is a fragmentary cross-sectional illustration of the placement of a roller 

rad i al exp a nsion devic e into the now section of tho wellbore cas i ng of f i g. 6 b, — ■ 

Fig. 6d Is a cross-sectional illustration of the new section of wellbore casing of 
Fig. 6c after over-expansion. 
30 Fig. 6e is a cross-sectional illustration of the new section of wellbore casing of 

Fig. 6d after drilfing out a new section of the wellbore. 

Rg. 6f is 9 cross-sectional Illustration of the fomnation of a mono-diameter 
wellbore casing that includes the new section of ttie wellbore casing and an additional 
section of wellbore casing. 
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Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Rg. 7b is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 
5 Fig. 7c is a cross-sectional Illustration of the injection of fluidic materials through 

the apparatus of Fig. 7b. 

Fig. 7d is a CToss-sectional illustration of the injection of hardenabte fluidic 
sealing materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional illustration of the pressurization of the region below 
10 the expansion cone of the apparatus of Fig. 7d. 

Fig. 7f is a ooss-sectional illustration of the continued pressurization of the 
region Mow the expansion cone of the apparatus of Fig. 7e. 

Rg. 7g is a cross-sectlonai illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 7f. 
1 5 Rg. 7h is a ooss-sectional illustration of the drilling out of a new section of the 

wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross^sectional illustration of the completion of the radial expansion 
of another expandable tubular member to form a mono-diameter wellbore casing. 
Rg. 8a is cross-sectional illustration of an wellbore including a preexisting 
20 section of wellbore casing having a recessed portion. 

Rg. 8b is a cross-sectional iilustratibn of the placement of ah apparatus for 
radially expanding a tubular member within the wellbore of Rg. 8d. 

Rg. 8c is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 8b. 
25 Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 

sealing material through the apparatus of Fig. 8c. 

Rg. 8e is crossrsectiohal illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 
Rg. 8f is a cross-sectional illustration of the plastic deformation and radial 
30 expansion of the upper portion of the expandable tubular n^ember of the apparatus of 
Rg. 8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upper expansion 
cone from the wellbore of fig. 8f. 
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Fig. 8h is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
deform and radially expand the expansion cone launcher and expandable tubular 
member. . 
5 Fig. 81 is a CTOss-sedlonal illustration of the completion of the initial radial 

expansion process of the apparatus of Rg. 8h. 

Fig. ei is a cross-sectional illustration of the further radial expansion of the 
apparatus of Fig. 81 in order to fomi a moncwiiameter wellbore casing. 

Fig, 9a is a cross-sectional illustration of a wellbore including upper and lower 
i 0 preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a aoss-sectional illustration of the coupling of a tubular member to 
the opposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a radial 
expansion device into the tubular member of Fig. 9b. 
1 S Fig. 9d is a fragmentary cross-sectkmal illustration of the actuation of the radial 

expansion device of Fig. 9c. 

Fig. 9e is a cross-secttonal of a mono-diameter wellbore casing generated by 
the actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono-diameter welllxire casing that 
20 includes a plurality of layers of radially expanded tubular members along at least a 
portion of the its length. 

Fig. 1 la is a cross-sectional illustration of a wellbore including a casing formed 
by plastically deforming and radially expanding a first tubular member. 

Fig. 11b is a cross-sectional Illustration of a wellbore Including another casing 
25 coupled to the preexisting casing by plasUcally defomiing and radially expanding a 
second tubular member. 

Fi g . 1 1 c is a-cfoss-se ctional illustration of a mono - d i am eter w e llbor e cas ing 

fomied by radially expanding the second tubular member a second time. 

Detailed Description 

30 Several embodiments of methods and apparatus for forming a mono-diameter 

wellbore casing are disclosed, in several altemath/e embodiments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines, 
or structural supports. Furthermore, while the present illustrath/e embodiments are 
described vidth reference to the formation of mono-diameter wellljore casings, the 



teachings of the present disclosure have general application to the formation or repair 
of wellbore casings* pipelines, and structural supports. 

Referring initially to Fig. la, a wellbore 10 includes a preesdsting welltx)re 
casing 15, The wellt>ore 10 may be oriented in any orientation from the vertical to the 

5 horizontal. The preexisting wellbore casing 15 may t>e coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent application serial no. 09/454,139. attorney docket no. 

10 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913, 
attorney docket no. 25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial 
no, 09/502,350, attomey docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440,338. attorney docket no. 25791.9.02. filed on 1 1/16/1999, 
- (5) U.S. patent application serial no. 09/523.460. attorney docket no. 25791,1 1.02, filed 

15 on 3/10/2000. (6) U.S. patent application serial no. 09/512,895, attomey docket no. 
25791.12.02. filed on 2/24/2000, (7) U.S. patent application serial no. 09/511.941. 
attomey docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946. attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559.122, attomey docket no. 25791.23.02, filed on 4/26/2000, 

20 (10) PCT patent application serial no. PCT/USOO/1 8635, attomey docket no. 

25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671. attomey docket no, 25791.27. filed on 1 1/1/1999. (12) U.S. provisional 
patent application serial no, 60/154,047, attorney docket no. 25791.29, filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082, attomey 

25 docket no. 25791 .34, filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159,039. attomey docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033, attorney docket no. 25791 .37, filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. ^ , 

attomey docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional patent 

30 application serial no. 60/165.228. attomey docket no. 25791.39, filed on 11/12/1999, 

(18) U.S. provisional patent application serial no. . attomey docket no. 

25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial no. 

, attomey docket no. 25791.46. filed on 7/28/2000, and (20) U.S. 

. pnavislonal patent application serial no. , attomey docket no. 25791 .47, 
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filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 
More generally, the preexisting welltjore casing 15 may be coupled to another 
preexisting wellbore casing and/or may Include one or more concentrically positioned 
tubular members. 

5 Referring to Fig. 1 b, an apparatus 1 GO for radially expanding a tubular member 

may then be positioned within, the wellbore 10. The apparatus 100 includes a tubular 
support member 1 0S defining a passage 1 1 0 for conveying fluidic materials. An 
expansion cone 115 defining a passage 120 and having an outer conical surface 125 
for radially expanding tubular members is coupled to an end of the tubular support 

10 member 105. An annular conical over-expansion sleeve 130 mates with and is 
removably coupled to the outer conical surface 125 of the expansion cone 115. In 
several alternative embodiments, the over-expansion sleeve. 130 is fabricated from 
frangible materials such as, for example, ceramic materials, in order to facilitate the 
removal of the over-expansion sleeve during operation of the apparatus 100. In this 

15 manner, the amount of radial expansion provided by the apparatus may be decreased 
following the removal of the over-expansion sleeve 1 30. 

An expansion cone launcher 135 is movabfy coupled to and supported by the 
expansion cone 1 15 and the over-expansion sleeve 130. The expansion cone 
launcher 135 Include an upper portion having an upper outer diameter, an intermediate 

20 portion that mates with the expansion cone 115 and the over-expansion sleeve 130, an 
a lower portion having a lower outer diameter. The lower outer diameter is greater than 
the upper outer diameter. A shoe 140 defining a valveable passage 145 is coupled to 
the lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 145 may be controllably closed in order to fiuidldy isolate a region 

25 150 below the expansion cone 115 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 ^m the region outside of the apparatus 100. 

An e xp a nd a bl e tubul ar memt?er 1 55 is coupled to t h e upper porti o n of the 1. 

expansion cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the upper portion of the expandable tubular member 1 55. In 

30 several attemative embodiments, the seating members 160a and 160b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative enUxxJiments, one or more arichoring elements may substituted for, or lised 
in addition to. the sealing members 160a and 160b. 
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In a preferred embodiment, the support member 105, the expansion cone 115, 
the expansion cone launcher 135, the shoe 140. and the expandable tubular member 
155 are provided substantially as disclosed In one or more of the following: (1) U.S. 
patent application serial no. 09/454.139, attorney docket no, 25791.03.02. filed on 
5 12/3/1999, (2) U.S. patent application serial no. 09/510.913, attomey docket no. 
25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial no! 09/502,350. 
attomey docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440.338, attomey docket no. 25791.9.02, filed on 1 1/15/1999. (5) U.S. patent 
application serial no. 09/523.460. attomey docket no. 25791.11.02. fried on 3/10/2000. 

10 (6) U.S. patent applicatton serial no. 09/512.895, attomey docket no. 25791 .12.02, filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/511.941, attomey docket no. 
25791.16.02. filed on 2/24/2000, (8) U.S. patent application serial no. 09/588.946, 
attomey dodcet no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559.122. attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 

15 application serial no. PCT/USOO/18635, attomey docket no. 25791,25.02. filed on 

7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671 , attomey docket 
no. 25791.27, filed on 11/1/1999. (12) U.S. provisional patent application serial no. 
60/154.047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159.082, attomey docket no. 25791.34. filed on 

20 10/12/1999. (14) U.S. provisional patent applicatton serial no. 60/159,039, attomey 

docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisfonal patent applicatfon serial 
no, 60/169.033. attomey docket no. 25791.37. filed on 10/12/1999, (16) U.S. 

provisional patent application serial no, attomey docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

25 60/165,228, attomey docket no, 25791.39. filed on 11/12/1999. (18) U.S. provisional 

patent application serial no. . attomey docket no. 25791.45, filed on 

7/28/2000. (19) U.S. provisional patent application serial no. , attomey 

docket no. 25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application 
serial no. , attomey docket no. 25791 .47. filed on 9/18/2000. the 

30 disclosures of whidi are incorporated herein by reference. 

As illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatus 100 within the wellbore 10. fluidic materials 165 within ttie wellbore 10 are 
conveyed through the apparatus 100 ttirough the passages 1 10, 120 and 145 to a 
location above the apparatus 100. In this marmer. surge pressures during placement 
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of the apparatus 100 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 100 is initially positioned within the wellt}ore 10 such that the top portion 
of the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 155 may be radially, expanded into 
5 contact with and coupled to the preexisting casing 1 5. As will be recognized by 
persons having ordinary skill in the art, the predse initial position of the expandable 
tubular memt>er 155 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 

10 As illustrated in Fig. 1c, a fiuidic material 170 may then be injected through the 

apparatus 100 through the passages 110, 120, and 145 in order to test the proper 
operatkHi of these passages. 

As illustrated in Fig. 1d, a hardenable fiuidic sealing material 175 may then be 
injected through the apparatus 100 through the passages 1 10, 120 and 145 into the 

15 annulus between the apparatus and the wellbore 10. In this manner, an annular banier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fiuidic sealing material may indude. for example, a cement mixture. In 
several alternative embodiments, the injection of the hardenable fiuidic sealing material 

20 175 may t>e omitted, in several altemative embodiment3, the hardenable fiuidic seating 
material 175 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 1e, a non-hardenable fiuidic material 180 may then be 
injected into the apparatus through the passages 110 and 120. A ball plug 165. or 
other similar device, may then be injected with the fiuidic material 180 to thereby seal 

25 off the passage 145. In this manner, the region 150 may be pressurized by the 
continued injection of the fiuidic material 1 80 Into the apparatus 1 00. 

, A«s IHiifitratftri In Fig If, the mntinued injerHnn nf thft fliii dic nnaterial 180 into the 

apparatus 100 causes the expanston cone launcher 135 and expandable tubular 
member 155 to be plastically deformed and radially expanded off of the over-expansion 

30 sleeve 1 30. In this manner, the expansion cone 1 1 5 and over-expansion sleeve 1 30 
are displaced relative to the expansion cone launcher 135 and expandable tubular 
member 155 in the axial direction. 

After a predetemiined time period and/or after a predetermined axial 
displacement of the expansion cone 115 relative to the expansion cone launcher 135 
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and expandable tubular member 155. the over-expansion sleeve 130 may be removed 
from the outer conical surface 125 of the expansion cone 115 by the application of a 
predetemiined upward shock load to the support member 105. in a prefen^ed 
embodiment, the shock load causes the frangible over-expansion sleeve 130 to 
5 fracture Into small pieces that are then forced off of the outer conical surface 125 of 
the expansion cone 115 by the continued pressurization of the region 150. In a 
preferred embodiment, the pieces of the over-expansion sleeve 130 are pulverized into 
grains of material by the continued pressurization of the region 1 50. 

Refening to Fig. 1g. following the renroval of the frangible over-expansion 

10 sleeve 130, the continued pressurization of the region 150 causes the expandable 
tubular member 155 to be plastically deformed and radially expanded and extruded off 
of the outer conical surface 125 of the expansfon cone 115. Note that the amount of 
radial expansion provided by the outer conical surface 125 of expansion cone 115 is 
less than the amount of radial expansion provkJed by the combination of the over- 

15 expansion sleeve 130 and the expansion cone 115. In this manner, as illustrated in 
Fig. 1h. a recess 185 is formed in the radially expanded tubular member 155, 

After completing the plastic deformation and radial expansion of the tubular 
member 155. the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 190 that provides a bamer to fluki flow into or out of the wellbore 10. 

20 Refemng to Rg. 1i, the shoe 140 may then removed by drilling out the shoe 

using a conventional drilling device. A new sectton of the wellbore 1 0 may also be 
drilled out in order to permit additional expandable tubular memt)ers to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
155. 

25 Referring to Fig, 1j, a tubular member 200 may then be plastically deformed 

and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 200 overiaps with and mates with' the recessed portion 1 85 
of the tubular member 155. In a preferred embodiment, one or more sealing members 

30 205 are coupled to the exterior surface of the upper portion of the tubular member 200. 
In a preferred embodiment, the sealing members 205 seal the interface between the 
upper portion of the tubular member 200 and the recessed portion 185 of the tubular 
member 155. In several altemative embodiments, the sealing mertit>ers 205 may 
include elastomeric elements and/or metallic elements arnl/or composite elements. In 
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several alternative embodiments, one or more anchoring elements may substituted for. 
or used in addition to. the sealing members 205. In a preferred embodiment, an 
annular body 210 of a hardenable fluidic sealing material is also fomied around the 
tubular member 200 using one or more conventional methods. 
5 In a preferred embodiment, the tubular member 200 is plastically deformed and 

radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial no. 
09/454. 1 39. attorney docket no. 25791 .03.02. filed on 1 2/3/1 999. (2) U.S. patent 
application serial no. 09/510.913. attorney docket no. 25791.7.02. filed on 2/23/2000. 

10 (3) U.S. patent application serial no. 09/502.350. attorney docket no. 25791 .8.02. filed 
on 2/1Q/2000. (4) U.S. patent applicatwn serial no. 09/440.338, attorney docket no. 
257919.02. filed on 11/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791 .1 1 .02, filed on 3/1 0/2000, (6) U.S. patent application serial 
no. 09/512.895. attorney docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. patent 

15 . application serial no. 09/511.941. attomey docket no. 25791.16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588,946, attomey docket no. 25791.17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no, 09/559,122. attomey docket no. 
25791.23.02, filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635. attomey dockiet no. 25791.25.02. filed on 7/9/2000. (11) U.S. 

20 provisfonal patent application serial no. 60/1 62,671 . attomey docket no. 25791 .27. filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154.047, attomey 
docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no, 60/159.082. attomey docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039. attomey docket no. 25791 .36, filed 

25 on 10/12/1999, (15) U.S. provisional patent application serial no, 60/159,033. attomey 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent applicatfon serial 

"0- ■ a ttomey d ockpf nn ?^7Q1 r^ft, ffii A H f^ /j Q/?ooo (1 7) U S 

provisional patent applicatfon serial no, 60/165,228, attomey docket no. 25791.39. filed 
on 11/12/1999, (18) U.S. provisional patent application serial no. , 

30 attomey docket no. 25791 .45. filed on 7/28/2000, (1 9) U.S. provlskxial patent 

application serial no. attomey docket no. 25791.46. filed on 7/28/2000, 

and (20) U.S. provisional patent application serial no. , attomey docket 

no. 25791,47. filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 
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In an alternative embodiment, the annular body 210 may be omitted. In several 
altemative embodiments, the annular body 210 may be radially compressed before, 
during and/or after curing. 

Refemng to Fig. Ik. an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to ptasfa-cally defonn and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as illustiated in Fig. II. 
a mono-diameter wellbore casing may be fomied. 

Referring to Figs. 2a and 2b. In an altemative embodiment, an apparatus 300 
for radially expanding a tubular member may then be positioned within the wellbore 1 0. 
The apparatus 300 includes a tubular support member 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members Is coupled 
to an end of the tubular support member 305. An annular conical over^xpansion 
insert 330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion corie launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expanslon insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 315 and the over-expansion insert 330. an a lower 
portion having a lower outer diameter. The lower outer diameter Is greater than the 
upper outer diameter. A shoe 340 defining a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred embodiment, the 
valveable passage 345 may be contrdlably closed in order to fiuididy isolate a region 
350 below the expansion cone 315 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment as illustrated in Fig. 3. the over-expansion insert 
330 includes a plurafity of spaced-apart arcuate inserts 330a. 330b. 330c and 330d that 
are positioned between the outer conical surface 325 of the expansion cone 315 and 

the inner surface of the intemiediate portion of the expansion cone launcher 335. In j 
this manner, the relative axial displacement of the expansion cone 315 and the 
expansion cone launcher 335 will cause the expansion cone to over-expand the 
intennediate portion of the expansion cone launcher, in this manner, a recess may be 
fomied in the radially expanded expansion cone launcher 335. In several altemative 
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embodiments, the inserts 330a, 330b. 330c, and 330d fall out of the recess and/or are 
removed from the recess using a conventional retrieval tod upon the completion of the 
radial expansion process. 

in an alternative embodiment, as Illustrated in Fig. 3a, the over expansion insert 
5 330 further includes intenmediate resilient members 331a. 331b. 331c, and 331d for 
resiliently coupling the inserts 330a, 330b, 330c. and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the. radial direction and 
thereby fall out of the recess. 
10 An expandable tubular member 355 is coupled to the upper portion of the 

expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several alternative embodiments, the sealing members 360a and 360b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
1 5 alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to. the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315. 
the expansion cone launcher 335. the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1 ) U.S. 
20 patent application serial no. 09/454,1 39, attorney docket no. 25791 .03.02, ifiled on 
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial no. 09/502.350. 
attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440,338. attorney docket no. 25791 .9.02. filed on 1 1/1 5/1 999. (5) U.S. patent 
25 application serial no. 09/523.460, attorney docket no. 25791 .1 1 .02. filed on 3/1 0/2000. 
(6) U.S. patent application serial no. 09/512.895. attorney docket no. 25791 .12.02, filed 

nn ? /?d/9f)nn (7) 1 1 ?^ patRnt ap pli ration serial nq. 09/51 1.941 . attomev docket no. 

25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588.946. 
attorney docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent applk:atk>n serial 
30 no. 09/559.122, attorney docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/USOO/18635, attorney docket ho. 25791.25.02, filed on 
7/9/2000. (11) U.S. provisional patent application serial no. 60/162,671. attorney docket 
no. 25791.27, filed on 1 1/1/1999. (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional 
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patent application serial no. 60/159,082. attorney docket no. 25791.34, filed on 
10/12/1999. (14) U.S. provisional patent appfication serial no. 60/159.039. attorney 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159.033, attorney docket no. 25791.37. filed on 10/12/1999. (16) U.S. 

provisional patent appDcatkin serial no. , attorney docket no. 

25791 .38. filed on 6/19/2000. (17) U.S. provisional patent application serial no. 
60/165,228, attorney docket no. 25791 .39, filed on 11/12/1999. (18) U.S. provisional 

patent application serial no. attorney docket no. 25791.45. filed on 

7/28/2000. (19) U.S. provisfonai patent application serial no. ________ attorney 

docket no. 25791.46. filed on 7/28/2000. and (20) U.S. provisional patent application 

serial no. ^ , attorney docket ho. 25791.47, filed on 9/18/2000. the 

disctosures of which are incorpwated Herein by reference. 

As illustrated in Rg. 2b. in a prefened embodinrent. during placement of the 
apparatus 300 within the wellbore 10. fluidfc. materials 365 within the wellbore 10 are 
conveyed through the apparatus 300 through the passages 310^ 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 is initially positioned vvithin the wellbore 10 such that the top portion 
of the tubular member 355 overiaps with the preexisting casing 15. In this manner, the 
upper portion of the expaidable tubular member 355 may be radially expanded into 
contact with and coupled to the preexisting casing 1 5. As will be recognized by 
persons having ordhary skill in the art. the precise initial posltfon of the expandable 
tubular member 355 will vary as a function of the amount of radial expansfon, the 
amount of axial shrinkage during radial expansfon. and the material pixjperties of the 
expandable tubular member. 

As niustrated in Fig. 2c. a fluidic material 370 may then be injected through the 
apparatus 300 through the passages 310. 320. and 345 in order to test the proper 
operatkm of these passages. 

As Hlustrated In Fig. 2d, a hardenable fluklk: seaBng material 375 may then be 
Nected through the apparatus 300 through the passages 31 0^ 320 and 345 Into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be fonned around the radially 
expanded expansion cone launcher 335 and expandable tubular member 355. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
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several alternative embodiments, the injection of the hardenablefluidic sealing material 
375 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 375 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 2e, a non-hardenable fluidic material 380 may then be 
5 injected into the apparatus through the passages 310 and 320. A ball plug 385. or 
other similar device, may then be injected with the fluidic nfiateriaf 380 to thereby seal 
off the passage 345. In this manner, ttie region 350 may be pressurized by the 
continued injection of the fluidic material 380 into the apparatus 300. 

As illustrated in Ftg. 2f, the continued injection of the fluidic material 380 into the 
1 0 apparatus 300 causes the expansion cone launcher 335 to be plastically defomied and 
radially expanded off of the over-expansion insert 330, In this manner, the expansion 
cone 315 is displaced relative to the expansion cone launcher 335 and expandable 
tubular member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
16 insert 330, the radial expansion of the expansion cone launcher 335 and expandable 
tubular member 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
conical surface 325 of expansion cone 315 is less than the amount of radial expansion 
provided by the combinaUon of the over-expansion insert 330 and the expansion cone 
20 315. In this manner, as Illustrated in Fig. 2g. a recess 390 is fomied in the radially 
expanded tubular member 355. 

In several alternative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by falling out and/or removal using a conventional retrieval tool. In 
an altemative embodiment, the resilient force provided by the resilient members 331a, 
25 331b. 331c, and 331d cause the insert 330 to collapse In the radial direction and 

thereby fall out of the recess 390. In an altemative embodiment, as illustrated in Fig. 4. 

. one or more r^^jlient hooks a95R a nrl 3 95b a re c ou pled to the bottom of th e o xp a nsion 

cone 315 for retrieving the over-expansion insert 330 during or after the completion of 
the radial expansion process. 
30 After completing the plastic deformation and radial expansion of the tubular 

member 355, the hardenable fluidic sealing material is allowed to cure to thereby fonn 
an annular body 400 that provides a banier to fluid flow into or out <rf the wellbore 10. 

Referring to Fig, 2h. the shoe 340 may then renioved by drilling out the shoe - 
using a conventional drilling device. A new section of the wellbore 10 may also be 
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drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defomied and radially expanded tubular member 
355. 

Referring to Fig. 2j, a tubular member 405 may then be plastically deformed 
5 and radially expanded using any number of conventiona! methods of radially expanding 
a tubular member. In a preferred embodiment/the upper portion of the radially 
expanded tubular member 405 overlaps with and nnates with the recessed portion 390 
of the tubular member 355. In a preferred embodiment, one or more seafing members 
410 are coupled to the exterior surface of the upper portion of the tubular member 405. 

10 In a preferred embodiment, the sealing members 410 seal the interface between the 
upper portion of the tubular member 405 and the recessed portion 390 of the tubular 
memt>er 355. In several altemative embodiments, the sealing members 410 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several alternative embodiments, one or more anchoring elements may substituted for, 

15 or used in addition to, the sealing members 410. In a prefeaed embodiment, an 
annular body 415 of a hardenable fluidic sealing material is also formed around the 
tubular member 405 using one or more conventional methods. 

In a preferred embodiment, the tubular member 405 is plastically deformed and 
radially expanded, and the annular t>ody 415 is formed using one or more of the 

20 apparatus and methods disclosed in the following: (1) U.S. patent application serial no. 
09/454.139. attorney docket no. 25791.03,02, filed on 12/3/1999, (2) U.S. patent 
application serial no, 09/510,913, attomey docket no. 25791.7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350, attomey docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey docket no. 

25 25791.9,02, filed on 11/15/1999. (5) U.S. patent application serial no. 09/523,460, 
attomey docket no. 25791.11 .02. filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512,895, attomey docket no. 25791.12;02. filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/51 1.941, attomey docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946. attomey docket no. 25791.17.02. filed 

30 on 6/7/2000, (9) U.S. patent applicatron s^l no. 09/559.122, attomey docket no, 
25791 .23.02. filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000. (11) U.S. 
provisional patent application serial no. 60/162.671 , attomey docket no. 25791.27, filed 
on 1 1/1/1999, (12) U.S. provisional patent application serial no, 60/154,047. attomey 
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docket no. 25791,29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159,039. attonney docket no. 25791.36. filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033. attorney 

5 docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 

no. ' . attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/1 65,228, attorney docket no. 25791 .39, filed 

on 11/12/1999, (18) U.S. provisional patent application serial no. . . 

attorney docket no. 25791.45. filed on 7/28/2000, (19) U.S. provisional patent 

10 application serial no, . attorney docket no. 25791 .46. filed on 7/28/2000. 

and (20) U.S. provisional patent application serial no. . attorney docket 

no. 25791.47, filed on 9/18/2000, the disclosures of which are Incorporated herein by 
reference. 

In an alternative embodinnent. the annular body415 may be omitted. In several 

1 5 alternative ennfcKxjiments, the annular body 41 5 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a downward 
direction by fluki pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of the tubular 

^ members 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k, 
a mono-diameter wellbore casing may be formed. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 605 nray be plastically defomned and radially expanded and thereby 
coupled to the preexisting section of welltjore casing 15 using any numt)er of 

25 . conventional methods. An annular body of a fluidic sealing material 610 may also be 
formed around the tubular meml>er 500 using any number of conventional methods. In 

a p refe rr pri p nnhof l impnt , thp fithiilar m#>mhpr fiOn i<; pla<;tirally rfpf ormed and radially 

expanded and the annular body 510 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent application serial 

30 no. 09/454,139. attorney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket na 2^791.7.02. filed on 2/23^00, 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02. filed on 1 1/15/1999. (5) U.S. patent application serial no. 09/523.460. 
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attorney docket no. 25791.11.02, filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/51 1,941. attorney dod<et no, 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588.946. attorney docket no. 25791.17.02. filed 
5 on 6/7/2000. (9) U.S. patent application serial no, 09/559,1 22. attorney docket no. 
25791.23.02, filed on 4/26/2000. (10) PCX patent application serial no. 
PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney 

10 docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082, attorney docket no, 25791.34. filed on 10/12/1999. (14) U.S. 
provisfonal patent application serial no. 60/159,039, attorney docket no. 25791.36, filed 
on 10/12/1999. (15) U.S. provisfonal patent application serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 

15 no. . attorney docket no. 25791 .38. filed on 6/19/2000, (17) U.S. 

provisfonal patent application serial no. 60/165,228, attorney docket no. 25791.39, filed 

on 1 1/1 2/1 999, (18) U.S. provisional patent application serial no. - 

attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent 
application serial no. __. attorney docket no. 25791.46. filed on 7/28/2000. 

20 and (20) U.S. provisional patent application serial rio. , attorney docket 

no. 25791 .47. filed on 9/1 8/2000, the disclosures of wfilch are incorporated herein by 
reference. 

In several altennative embodiments, the annular body 510 may be omitted or 
may be compressible l>efore, during, or after curing. 
25 Refem'ng to Figs. 5c and 5d, a conventional inflatable bladder 515 may then be 

positioned within the tubular member 500 and inflated to a suffident operating pressure 
to plastically defonn and radially expand a portion of the tubular member to ttiereby . 
form a recess 520 In the tubular member. 

Referring to Figs. 5e and 5f. the inflatable bladder 515 may then be removed 
30 and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be plastically 
defomned and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
welibore casing. Before, during or after the radial expansion of the tubular memt)er 
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525. an annular body 530 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described atK)ve. 

In several alternative embodiments, the inflatable bladder 515 may be coupled 
5 to the bottom of an expansion cone In order lo permit the over-expansion process to be 
performed during the radial expansion process implemented using the expansion cone. 

Refemng to Figs 6a-6b, in an alternative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 

10 conventional methods. An annular body of a fluldic sealing material 610 may also be 
formed around the tubular member 600 using any number of conventional methods. In 
a prefen-ed err^iment, the tubular member 600 is plastically defomied and radially 
expanded and the annular body 610 Is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent application serial 

15 no. 09/454»139. attorney docket no. 25791,03.02, filed on 12/3/1999, (2) U.S. patent 
application serial rk). 09/510,913. attomey docket no, 25791.7,02, filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350, attomey docket no. 25791.8.02, fifed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440.338. attomey docket no. 
25791.9.02. filed on 1 1/15/1999. (5) U.S. patent application serial no. 09/523.460. 

20 attomey docket no. 25791.1 1.02, filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512,895, attomey docket no. 25791 .1 2.02. filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/51 1 ,941 , attomey docket no. 25791 .16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946, attomey docket no. 25791.17.02, filed 
on 6/7/2000, (9) U.S. patent applfcatfon serial ho. 09/559,122, attomey docket no. 

25 25791.23.02, filed on 4/26/2000. (10) PCT patent applicatton serial no. 

PCT/USOO/18635, attomey docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 

provi si on a l p a t e nt a pp l ication ser i al no. 60/1 6 2.671. atto m ey d o cket no. 2 5 79 1.27, fil e d 

on 1 1/1/1999. (12) U.S. provisional patent application serial no. 60/154.047, attomey 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial 

30 no. 60/159,082. attomey docket no: 25791.34. filed on 10/12/1999, (14) U.S. 

provisfenal patent application serial no. 60/159.039. attomey docket no, 25791.36, filed 
on 10/12/1999, (15) U.S. provisional patent applicatton serial no: 60/159,033. attomey 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 
no- . attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. 
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provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed 

on 11/12/1999. (18) U.S. provisional patent appiicaUon serial no. 

attorney docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent 

application serial no. . attorney docket no. 25791,46, filed on 7/28/2000. 

and (20) U,S. provisfonal patent application serial no. , attorney docket 

no. 25791.47, filed on 9/18/2000. the disclosures of which are incorporated herein by 
reference. 

In several alternative emkxxiiments. the annular body 61 0 may t)e omitted or 
may be compressible before, during, or after curing. 

Refening to Figs. 6c and 6d. a conventional roller expansion device 615 may 
then be posltfonfed within ttie tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically defomi and radially expand a portk)n of the tubular member to thereby form 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 
skill in the art. a roller expansfon devfce typically utilizes one or more rollers that, 
through rotaUon of the device, apply a radial force to the interior surfaces of a tubular 
member. In several alternative embodiments, the roller expansion device 615 may 
include eccentric rollers such as. for example, as disctosed in U.S. Pat. Nos. 5.014,779 
and 5,083,608. the disclosures of which are incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roller expansion device 615 may then be 
removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Rg. 6f. an additional tubular member 625 may then be plastically 
defonmed and radially expanded in a conventtonal rnanner and/or by using one or more 
of the methods and apparatus described above in order to fonm a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
625, an annular body 630 of a fluidic sealing material may be fomied around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus descrft}ed above. 

In several altemative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expansion cone in order to penmit ttie over-expanston 
process to be performed during the radial expansfon pfX)cess implemented using the 
expansion cone. 

Refening initially to Fig. 7a, a wellbore 10 Includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
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horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a prefen-ed 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
5 following: (1 ) U.S. patent application serial no. 09/454.1 39. attorney docket no. 
25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913. 
attorney docket no. 25791,7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440.338. attorney docket no. 25791.9.02, filed on 11/15/1999. 

10 (5) U.S. patent application serial no. 09/523.460. attorney docket no. 25791.11.02, filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511.941. 
attorney docket no. 25791 .16.02, filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588.946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 

1 5 application serial no. 09/559,1 22, attorney docket no. 25791 .23.02, filed on 4/26/2000, 
(10) PCT patent applicatfon serial no. PCT/USOO/18635, attorney docket no. 
25791.25,02. filed on 7/9/2000. (1 1 ) U.S. provisional patent application serial no. 
60/162,671. attorney docket no, 25791.27. filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154.047. attorney docket no, 25791 .29, filed on 

20 9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082. attorney 

docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159,039. attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provisfonal patent application serial no. 60/159,033, attorney docket no. 25791.37. filed 
on 10/12/1999. (16) U.S. provisional patent application serial no. - 

25 attorney docket no. 25791.38, filed on 6/19/2000, (17^ U.S. provisional patent 

application serial no. 60/165.228, attorney docket no. 25791.39. filed on 11/12/1999. 

. (18) U .S. prov is ion al p a t e nt a ppl i c a tion s e ri a l no. . attom o y donk e t 

25791.45. filed on 7/28/2000. (19) U.S. provistonal patent applicaUon serial no. 
, attorney docket no. 25791.46. filed on 7/28/2000. and (20) U.S. 

30 provisional patent appBcatfon serial no. _. attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or way include one or more concentrically positk)ned 
tubular members. 
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Referring to Fig. 7b. an apparatus 700 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluldic materialis. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 
for radially expanding tubular members is coupled to ah end of the tubular support 
member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
expansion cone 71 5. The expansion cone launcher 735 includes an upper portion 
735a having an upper outer diameter, an intennediate portion 735b that mates with the 
expansion cone 715. and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. In a prefened embodiment, the valveable passage 
745 may be controllably closed in order to fluididy isolate a region 750 below the 
expansion cone 715 and bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 
expansion cone launcher 735. One or more seaUng members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elenwnts may substituted for. or used 
in addition to. the sealing members 760a and 760b. 

In a.prefen%d embpdiment. the support member 705. the expansion cone 715. 
the expansion cone launcher 735, the shoe 740. and the expandable tubular member 
755 are provided stdistantially as dedosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454.139. attorney docket no. 25791.03.02. filed on 
12/3/1999. (2) U.S. patent application serial no. 09/510.913. attorney docket no. 
25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial no. 09/502.350. 
attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440.338. attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
applkation serial no. 09/523,460. attorney docket no. 25791.1 1.02. filed on 3/10/2000. 
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(6) U.S. patent application serial no, 09/512.895. attorney docket no. 25791.12.02. filed 
on 2/24/2000. (7) U.S. patent appllcaUon serial no. 09/511,941, attorney docket no. 
25791.16.02, filed oh 2/24/2000. (8) U.S. patent application serial no. 09/588.946, 
attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent applicaUon serial 
no. 09/559.122, attorney docket no. 25791,23.02. fited on 4/26/2000. (10) PCT patent 
application serial no. PCTAJSOO/18635, attorney docket no. 25791.25.02, filed on 
7/9/2000. (1 1 ) U.S. provisional patent application serial no. 60/162.671, attorney docket 
no. 25791.27. filed on 1 1/1/1999. (12) U.S. provisional patent application serial no. 
60/154,047. attorney docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional 
patent application serial no, 60/159.082. attorney docket no. 25791.34. filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159.039. attorney 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisipnal patent application serial 
no. 60/159,033. attorney docket no. 25791.37, filed on 10/12/1999. (16) u!s. 

provisional patent application serial no. , attorney docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
60/165.228. attorney docket no. 25791.39. filed on 11/12/1999, (18) U.S. provisional 

patent application serial no. - attorney docket no. 25791,45. filed on 

7/28/2000, (19) U.S. provisional patent application serial no. . attorney 

docket no. 25791.46, filed on 7/28/2000, and (20) U.S. provisional patent applicatfon 

serial no. , attorney docket no. 26791.47, filed on 9/18/2000. the 

disclosures of which are incorporated herein by reference, 

Ais illustrated in Fig. 7b, In a prefenred embodiment, during placement of the 
apparatus 700 within the wellbore 10. fluidic materials 765 within the wellbore 10 are 
conveyed through the apparatus 700 through the passages 710. 720 and 745 to a 
location above the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced. In a prefen-ed embodiment, 
the a pparatus 700 to i nitia ll y po si tion e d with i n th e w e ll bor e 10 such t hat \ he t up poU lo? i 
of the tubular member 755 overiaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art. the precise initial position of the expandable 
tubular member 755 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansfon, and the material rroperties of the 
expandable tubular member. 



As illustrated in Fig. 7c, a fluidic material 770 may then be injected through the 
apparatus 700 through the passages 710, 720, and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then be 
injected through the apparatus 700 through the passages 710. 720 and 745 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be fonned around the radially 
expanded expansion cone launcher 735 and expandable tubular mernt>er 755. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
several alternative embodiments, the injection of the hardenable fluidic sealing material 
775 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 775 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e. a non-hardenable fluidic material 780 may then be 
injected into the apparatus through the passages 710 and 720. A ball plug 785. or 
other similar device, may then be injected with the fluidic material 780 to thereby seal 
off the passage 745, In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. . 

As illustrated in Figs. 7f and 7g, the continued injection of the flujdic material 
780 into the apparatus 700 causes the expansion cone launcher 735 and expandable 
tubular member 755 to be plastically deformed and radially expanded off of the 
expansion con.e 715. The resulting structure includes a lip 790. 

After completing the plastic defomiation and radial expansion of the tubular 
member 755. the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 795 that provides a banier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defomied and radially expanded tubular member 
755. 

Referring to Fig. 7i, an additional tubular member 800 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
800. an annular body 805 of a fluidic sealing material may be fonned around the 
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iubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above, in a preferred embodiment, the tip 790 fadiitates the 
coupling of the tubular member 800 to the tubularmember 755 by providing a region 
on which the tubular member 800 may be easily coupled onto. 

5 Referring to Rg. 8a, in an alternative embodiment, a wellbore 1 0 includes a 

preexisting section of wellbore casing 15 and 900. The wellbore casing 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 91 5 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and 
annular body 915 may be provided using any number of conventional methods, the 

10 rhethods descrilDed above, and/or using one or nrwre of the methods disclosed in the ^ 
following: (1 ) U.S. patent application serial no. 09/454, 1 39, attorney docket no. 
25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913. 
attorney docket no. 25791 .7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502,350. attomey docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 

15 application serial no, 09/440,338. attomey docket no. 25791.9.02. filed on 11/15/1999. 
(5) U.S. patent application serial no. 09/523,460. attorney docket no. 25791 .1 1.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512.895, attomey docket no. 
25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 09/511.941. 
attomey docket no. 25791.16,02, filed on 2/24/2000. (8) U.S. patent applicatton serial 

m no. 09/588.946. attorney docket no. 25791,17.02, filed on 6/7/2000, (9) U.S. patent 
applicatk>n serial no. 09/559.122, attorney docket no. 25791.23.02. filed on 4/26/2000, 
(10) POT patent application serial no. PCT/USOO/18635, attomey docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162.671. attomey docket no. 25791.27. filed on 11/1/1999, (12) U.S. provisional 

25 patent application serial no. 60/1 54.047, attomey docket no. 25791 .29. filed on 
9/16/1999, (13) U.S. provisfonal patent application serial no. 60/159.082. attomey 

docket no . 2fi 791 34 , fi l ffri n n 10/1?/1flfl<) . (14) I J S . provisional patent application serial 

no. 60/159.039. attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/1 59,033. attomey docket no. 25791 .37, filed 

30 on 10/12/1999. (16) U.S. provisk»ial patent applicatton serial no. , 

attomey docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional patent 
application serial no. 60/165.228, attomey docket no. 25791.39, filed on 11/12/1999, 

(18) U.S. provisional patent application serial no. . attomey docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no, . 
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, attorney docket no. 25791.46. filed on 7/28/2000. and (20) U.S. 

provisional patent application serial no. attorney dod<et no. 25791.47, 

filed on 9/18/2000, the disclosures of whidi are incorporated herein by reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular member 

5 is then positioned within the wellt)ore 10 that Includes a tubular support member 1005 
that defines a passage 1010 for conve^ng fiddle materials. A hydraulic locking device 
1015 that defines a passage 1020 for conveying fluidic materials that is fluididy 
coupled to the passage 1010. The tocking device 1015 further includes inlet passages, 
1020a and 1020b, actuating chambers, 1025a and 1025b, arKl k>cking members, 

10 1030a and 1030b. During operation, the injection of flukltc materials Into the actuating 
chambers, 1025a and 1025b, causes the tocking members. 1030a and 1030b, to be 
displaced outwardly In the radial directton. In this manner, the locking device 1015 may 
be controllably coupled to a tubular member to thereby maintain the tubular member in 
a substantially stationary positk)n. As will be recognized by persons having ordinary 

16 skill in the art. the operating pressures and physical shape of the inlet passages 1020. 
actuating chambers 1025, and locking members 1030 will determine the maximum 
amount of holding force provided by the locking device 1015. In several alternative 
emtxxlinierYts, fluidic materials may be injected into the locking device 1015 using a 
dedicated fluid passage in order to provkle precise control of the locking device. In 

20 several altemative embodiments, the locking device 1015 may be omitted and the 
tubular support member 1005 coupled directly to the tubular support member 1035. 

One end of a tubular support member 1035 that defines a passage 1040 is 
coupled to the locking device 1015. The passage 1040 is fluididy coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and includes an 

25 outer conical surface 1055 is coupled to another end of the tubular support member 
1035. An expansion cone launcher 1060 is niovably coupled to and supported by the 
expansion cone 1045. The expansion cone launcher 1060 includes an upper portion 
1060a having an upper outside diameter, an intermediate portion 1060b that mates 
with the expansion cone 1045, and a kiwer portk)n 1060c having a lower outside 

30 diameter. The tower outskle diameter Is greater than the upper outskie diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower 
portion 1060c of the expansion cone launcher 1060. In this manner, a region 1075 
below the expansion cone 1045 and t)ounded by the expansion cone launcher 1060 
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and the shoe 1065 may be pressurized and fluididy. isolated from the annularVegion 
between the apparatus 1000 and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 
5 sealing members are coupled to the exterior of the upper portion of the expandable 
tubular member 1080. In several alternative embodiments, the sealing members may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several alternative embodiments, one or more anchoring elements may substituted for, 
or used In addition to. the sealing members. 

An expansion cone 1085 defining a passage 1090 for receiving the tubular 
support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 
is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone. 

15 In a prefenred embodiment, the support members 1 005 and 1 035. the 

expansion cone 1045, the expansion cone launcher 1060. *e shoe 1065. and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139. attorney docket 
no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no, 09/510.913. 

20 attorney docket no. 25791 .7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350, attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
applicatton serial no. 09/440,338. attorney docket no. 25791.9.02, filed on 1 1/15/1999, 
(5) U.S. patent application serial no. 09/523,460. attomey docket no. 25791 .1 1.02, filed 
on 3/10/2000, (6) U.S. patent applicatton serial no. 09/512,895. attomey docket no. 

25 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 

no. 09/588,9 4 6 . a ttom e y docket no. 25701.17.02. fi le d on 6/7/2000, ( 9 ) U.S. pat e nt 

application serial no. 09/559.122, attomey docket no. 25791 .23.02. filed on 4/26/2000. 
(10) PCT patent application serial no. PCT/USOO/18635, attomey docket no. 

30 25791 .25.02. filed on 7/9/2000, (11) U.S. provisional patent appllcatfon serial no. 
60/162;671, attomey docket no. 25791.27. filed on 1 1/1/1999, (12) U.S. provisional 
patent application serial no. 60/154.047, attomey docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attomey 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
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no. 60/159.039. attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033. attorney docket no. 25791.37. filed 

on 10/12/1999. (16) U.S. provistonal patent application serial no. ■ 

attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional patent 
applipation serial no. 60/165.228. attorney docket no. 25791.39. filed on 11/12/1999. 

(18) U.S. provisional patent applk:ation serial no. __, attorney docket no. 

25791.45. filed on 7/28/2000, (19) U.S. provistonal patent application serial no. 

. attorney docket no. 25791.46, filed on 7/28/2000. and (20) U.S. 

provisional patent application serial no. . . attorney docket no. 25791.47. 

filed on 9/18/2000. the disclosures of whicli are incorporated herein by reference. 

As Illustrated in Fig. 8b. in a preferred embodiment, during placement of the 
appafatus 1000 within the welibore 10. fluklic materials 1 1 10 within the wellbore 10 are 
conveyed through the apparatus 1000 through the passages 1010. 1020. 1040 and 
1070 to a kxatfon above the apparatus 1000. In this manner, surge pressures during 
placement of the apparatus 1000 within the wellbore 10 are reduced. In a prefened 
embodiment, the apparatus 1000 is initially positioned within the weBbore 10 such that 
the top portion of the tubular member 1080 overlaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contact vnth and coupled to the recess 
20 910 of the preexisting casing 900. 

As illustrated In Fig. 8c. a flukJic material 1115 may then be injected through the 
apparatus 1000 through the passages 1010. 1020. 1040. and 1070 in order to test the 
proper operation of these piassages. 

As illustrated in Fig. 8d. a hardenable fluidic sealing material 1 120 may then be 
25 injected through the apparatus 1000 through the passages 1010, 1020. 1040, and 
1070 into the annulus between the apparatus and the weUbore 10. In this manner, an 
annular barrier to fluid migratfon into and out of the wellbore 10 may be fonned around 
the radially expanded expansion cone launcher 1060 and expandable tubular member 
1080. The hardenable fhiidk; seafing material may mcJude. for example, a cement 
30 mixture. In several alternative embodiments, the ir^ecHon of the hardenable fluklic 
sealing material 1 120 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 1120 Is compressible, before, during and/or after, 
the curing process. 
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As illustrated in Fig. 8e. a non-hardenab!e fluidic material 1125 may then be 
injected into the apparatus 1000 through the passages 1010, 1020 and 1040. A ball 
plug 11 30. or other similar device, may then be Injected with the fluidic material 1 1 25 to 
thereby seal off the passage 1070. In this manner, the region 1075 may be 
5 pressurized by the continued injection of the fluidic material 1 1 25 into the apparatus 
1000. Furthemnore. in this manner, the actuating diambers, 1025a and 1025b. of the 
locking device 1015 may be pressurized. In this manner, the tubular member 1080 
may be held in a substantially stationary position by the locking device 1015, 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 

1 0 downward direction by a direct application of axial force using the support member 
1 100 and/or through the application of fluid force. The axial displacement of the 
expansion cone 1085 may plastically defomi and radially expand the upper portion of 
the expandable tubular member 1080. In this manner, the upper portion of the 
expandable tubular member 1p80.may be precisely coupled to the recess 910 of the 

16 preexisting casing 900. 

During the downward actuation of the expansion cone 1085. the locking 
member 1015 preferably prevents axial displacement of the tubular nrember 1080. In a 
preferred embodiment, the locking member 1015 is positioned proximate the upper 
portion of the tubular member i 080 in order to prevent buckling of the tubular member 

20 1080 during the radial expansion of the upper portion of the tubular member. In an 
altemative embodiment, the tocking member 1015 Is omitted and the interference 
between the intentiediate portion 1060b of the expansion cone launcher 1060 and the 
expansion cone 1 045 prevents the axial displacement of the tubular member 1 080 
during the radial expansion of ttie upper portion of tfie tubufar member. 

25 As illustrated in Fig. 8g, ttie expansion cone 1085 and 1 100 may then be raised 

out of the wellbore 10. 

As ill us tr a ted in Rg, 8h, th e continu e d inj e ction of th o flui d i c materia l 112 5 into — 

the apparatus 1000 may then cause tfie expanston cone launcher 1060 and the 
expandable tubular member 1080 to be plastically deformed and radially expanded off 
30 of the expanston cone 1045. In ttiis manner, ttie expanston cone 1046 Is displaced 
relative to the expansion cone launcher 1060 and expandable tubular manber 1080 in 
the axial direction. In a prefen-ed embodiment, the axial forces created during the 
radial expansion process are greater than the axial forces generated by the locking 
device 1015. As will be recognized by persons having ordinary skill in the art, ttie 
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predse relationship between these axial forces will vary as a function of the operating 
characteristics of the locking device 1015 and the metallurgical properties of the 
expansion cone launcher 1060 and expandable tubular 1080. In an alternative 
embodiment, the operating pressures of the actuating chambers. 1025a and 1025b. 
5 and the region 1075 are separately controllable by providing separate and dedicated 
fluid passages for pressurizing each. 

As illustrated in Rg. 8i. after completing the plastic defbrmafon and iBdial 
expansion of the tubular member 1080, the hardenable fluidic sealing material is 
allowed to cure to thereby form an annular body 1 130 that provides a banier to fluid 
1 0 flow into or out of the wellbore 1 0, The shoe 1 065 may then removed by drilling out the 
shoe using a conventional drilling device. A new section of the wellbore 10 may also 
be drilled out in order to pennit additional expandable tubular members to be coupled 
to the bottom portion of the plastically defonmed and radially expanded tubular member 
1080, 

15 In an altennatlve embodiment, the annular body 1 1 30 may be omitted. In 

several alternative embodiments, the annular body 1 130 may be radially compressed 
before, during and/or after curing. 

Referring to Fig. 8j. the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter 

20 wellbore casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210, The casings, 1205 and 1210, may further include 
outer annular layers of fluidic sealing materials such as, for example, cement The 
ends of the casings, 1205 and 1210, are separated by a gap 1215. 

25 Referring to Fig. 9b, a tubular member 1220 may then be coupled to the 

opposing ends of the casings, 1205 and 1210. to thereby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings. 1205 and 1210, by plastically defomiing and radially expanding the tubular 
member 1220 using one or more of the nnethods and apparatus described and 

30 referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubular member 1 220. In a preferred embodiment, the length of the radial 
expansion device 1 225 is greater than or equal to the axial length of the tubular 
member 1220. In several alternative embodiments, the radial expansion device 1225 
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may be any number of conventional radial expansion devices such as. for example, 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-actuation and 

5 removal of the radial expansion device 1225, the inside diameters of the casings, 1205 
and 1210. are substantially equal to the inside diameter of the tubular member 1220. 
In this manner, a mono-diameter wellbore casing may be formed. 

Refening to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an inner tubular member 1310. In a preferred embodiment the tubular mecnbers, 

10 1 305 and 1 31 0, are plastically deformed and radially expanded using one or more of 
the methods and apparatus described and referenced above. In this manner, a 
wellbore casing may be provided whose burst and collapse strength may be prectsety 
controlted by varying the number, thickness, and/or material properties of the tubular 
members, 1305 and 1310. 

^S Refening to Fig. 11a. a wellbore 1400 includes a casing 1405 that is coupled to 

a preexisting casing 1410. In a preferred emtxxliment, one or more sealing members 
1415 are coupled to the exterior of the upper portion of the tubular memt>er 1405 in 
order to optimally seal the interface between the tubular memt)er 1405 and the 
preexisting casing 1410. In a preferred embodiment, the tubular number 1405 Is 

20 plastically defomned and radially expanded using conventional methods and/or one or 
more of the methods and apparatus described and referenced above. In an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process is ODo, the wall thickness of the tubular member 1405 prior to the 
radial expansbn process is to, the outskle diameter of the tubular member following the 

25 radial expansk>n process is OD^ and the wall thickness of the tubular member 
following the radial expansion process is tt. 

Referring to Rp. 1 1 b, a tuhttlar memtffir 142Q may then be coupled to the lower 

portion of the tubular member 1405 by plastrcalty defonming arid radially expanding the 
tubular member 1420 using conventional nriethods and/or one or more of the methods 

30 and apparatus described and referenced at>ove. In a preferred embodiment, the 

exterior surface of the upper portion of the tubular member 1420 includes one or more 
sealing meml)ers for sealing the interface between the tubular member 1420 and the 
tubular member 1405. 
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Referring to Fig, 11c, lower portion of the tubular member 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono-diameter wellbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above:'^ In 
5 an exemplary embodiment, the outside diameter and wall thickness of the lower portion 
of the tubular member 1 405 after the additional radial expansion process are OD2 and 

t2. 

The radial expansion process of Figs. 11b-1 1c can then be repeated to provide 
a mono-diameter wellbore casing of virtually unlimited length. 

10 In several alternative embodiments, the ordering of the radial expansions of the 

tubular members, 1405 and 1420, may be changed. For example, the first tubular 
member 1405 may be plastically defomned and radially expanded to provide a lower 
portion having the outside diameter OD2 and the remaining portion having the outside 
diameter OD,. The tubular member 1420 may then be plastically deformed and 

1 5 radially expanded one or more times until the Inside diameters of the tubular members. 
1405 and 1420. are substantially equal. The plastic defonnations and radial 
expansions of the tubular members, 1405 and 1420. may be provided using 
conventional methods and/or one or more of the methods and apparatus described and 
referenced above. 

20 In an exemplary embodiment, the total expansion strain E of the tubular 

member 1405 may be expressed by the following equation: 

E=(OD2-^ODo)/ODo (X) 
where ODo = original outside diameter, 
25 OD, = outside diameter after 1 ^ radial expansion; and 

OD2 = outside diameter after 2^ radial expansion. 
Furthermore, In an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular niember 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 dnd the wellbore 1400 prior to the 
30 first radial expansion is equal to d, the outside diameters. OD, and ODz. of the tubular 
member 1405 following the first and second radial expansions may be expressed as: 

OD, = ODo + 2rf+2/, (2) 
OD^ = OD,^2R^2t^ (3) 
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where ODo = the original outside diameter of the tubular member 1405; 

ODi = the outside diameter of the tubular member 1 405 

following the first radial expansion; 
OD2 = the outside diameter of the tubular member 1 405 
S following the secorKJ radial expansion; 

d = the radial spacing between the tubular member 
1405 and the wellbore prior to the first radial 
expansion; 

ti = the wall thickness of the tubular member 1 405 
''O after the first radial expansion; 

X2 = the wall thickness of the tubular n^ember 1 405 

after the second radial expansk>n; and 
R = the thickness of sealing member provkJed on the 
exterior surface of the tubular member 1420. 
1 5 Furthenrore. in an exemplary embodiment, for d approximately equal to 0.25 

inches and R approximately eiqual to 0.1 Inches, equation (1) can be approximated as: 

E = (m31t,)lOD^ (4) 

where to = the original wall thickness of the tubular member 

20 1405, 

In an exemplary embodiment, the total expansk)n strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratk) of 
the original outside diameter to the original wall thickness (ODo/to) may be expressed 
25 as: 

ODJt,>3&l{03-0.VOD,} (5) 

Thus, in a preferred embodiment, for ODo less than 10 inches, the optimal ratio 
of the original outside diameter to the original wall thickness (ODo/tb) may be expressed 

30 as: 

0DJt,>\6 (6) 



43 



In Ihis manner, for typical tubular members, the burst and collapse strengtti of 
the tubular menfibers following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthermore, the relationships expressed in 
equations (1 ) through (6) are valid legafdless of the order or type of the radial 
expansions of the tubular member 1405. More generally, the relationships exprassed 
in equations (1) through (6) may be applied to the radial expansion of sfructurBS having 
a wide range of profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plastically defonning and radially expanding a tubular member 
has been described that includes means for plastically defonning and radially 
expanding a first portion of the tubular member to a first outside diameter, and means 
for plastically defomrUng and radially expanding a second portion of the tubular member 
to a second outside diameter. In a preferred embodiment, the first outside diameter is 
greater than the second outside diameter. In a preferred embodiment, the means for 
plastically defonning and radially expanding the first portion of the tubular member to 
the first outside diameter is removable. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
the first outside diameter is frangible. In a preferred embodiment, the means for 
plastically defonning and radially expanding the first portion of the tubular member to 
the first outside diameter is elastic. In a prefeaed embodiment, ttie means for 
plastically defonning and radially expanding the first portion of the tubular member to 
the first outside diameter Includes means for applying a radial force to the first portion 
of the tubular member. In a preferred embodiment, the means for plastically defonning 
and radially expanding the first portion of the tubular nrwmber to the first outside 
diameter is inflatable. In a preferred embodiment, the means for plastically deforming 
and radially expanding the first portion of the tubular member to the first outside 
diameter includes rolling means for applying radial pressure to «^ first portion of the 
tubular member. 

An apparatus for plastically defonning and radially expanding a tubular member 
has also been described that includes a tubular support member Including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 
fiuid passage fluididy coupled to the first fluid passage and an outer conical surface, a 
removable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a vaiveable passage coupled to an 
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end of the expansion cone launcher. In a prefen-ed embodiment, the conical sleeve is 
frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. 

A method of plastically defomiing and radially expanding a tubular member has 
5 also been described that includes plastically deforming and radially expanding a portion 
of the tubular member to a first outside diameter, and plastically defonning and radially 
expanding another portion of the tubular member to a second outside diameter. In a 
prefen-ed embodiment, the first diameter is greater than the second diameter. In a 
prefen^d embodiment, plastically defonning and radially expanding the portion of the 

10 tubular member Includes applying a radial force to the portion of the tubular member 
using a conical sleeve. In a prefen-ed embodiment, conical sleeve is frangible. In a . 
preferred embodiment, the conical sleeve Is elastic. In a preferred embodiment, the 
conical sleeve includes a plurality of arcuate elements. In a preferred erhbodiment, 
plastically deforming and radially expanding the portion of the tubular member includes 

1 6 applying a radial fprce to the portion of the tubular member using an inflatable bladder. 
In a prefenred embodiment, plastically deforming and radially expanding the portion of 
the tubular member includes applying a radial force to the portion of the tubular 
member using a roller expansion device. 

A method of coupling a first tubular meml>er to a second tubular member has 

20 also been described that Includes plastically defonning and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically defonning and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overiapping relation to the first portion of the first tubular member, plastically defomiing 

25 and radially expanding the second tubular member to a third outside diameter, and 
plastically defonning and radially expanding the second tubular member to a fourth 

outs i d e di a meter . The In s ide d i a metftr s nf th f> first and c;pm nrt hihf iiar m ember?; aftftr 

the plastic deformations and radial expansions are substantially equal. In a prefeaed 
embodiment, the first outside diameter is greater tiian the second outside diameter. In 

30 a preferred embodiment, plastically deforming and radially expanding the first portion of 
the first tubular member includes applying a radial force to the portion of tiie tubular 
member using a conical sleeve. Iri a preferred embodiment, the conical sleeve Is 
frangible. In a prefen-ed embodiment, tiie conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a piefen-ed 
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embodiment, plastically defomning and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying a 
5 radial force to the first portion of the first tubular member using a roller expansion 
device. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes mearis for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 

1 0 for plastically deforming and radially expanding arvother portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular memt)er in overlapping relation to the first portion of the 
first tubular member, means for plastically deforming and radially expanding the 
second tubular member to a third outside diameter, and means for plastically deforming 

15 and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 

20 portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred emt)odlment. the conical sleeve is elastic. In 
a preferred embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a preferred embodiment, the means for plastically deforming and radially expanding the 

25 first portion of the first tubular member includes means for applying a radial force to the 
first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

30 An apparatus for forming a welibore casing within a wellbore has also been 

described that includes means for supporting a tubular memt)er within the welllx)re, 
means for plastically deforming arui radially expanding a first portion of the tubular 
memt)er to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. In a 
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preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a prefen-ed embodiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is 
removable. In a preferred embodiment, the means for plastically defonning and 
5 radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is elastic 
In a prefen-ed embodiment, the means for plastically defonning and radially expanding 
the first portion of the tubular member to the first outside diameter includes means for 

1 0 applying a radial force to the first portion of the tubular member. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is inflatable. In a prefeaed 
embodiment, the means for plastically defonming and radially expanding the first 
portion of the tubular member to the first outside diameter iridudes rolling means for 

1 5 applying radial pressure to the first portion of the tubular member. In a preferred 
embodiment, the apparatus further Includes means forfonming an annular body of a 
fluldic sealing material within an annulus between the tubular member and the 
welltx)re. 

An apparatus for fomiing a wellbore casing within a wellbore has also been 

20 described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluididy coupled to the flrst fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 
annular expansion cone launcher coupled to the conical sleeve and a lower portion of 

25 the tubular member, and a shoe having a vatveable passage coupled to an end of the 
expansion cone launcher. In a prefen-ed embodiment, the conical sleeve is frangible. 

In a prefenred emb o diment, the con i c a l sloo vo i s o lastic. In a pre f en-e d e mbodiment, — 

the conical sleeve indudes a plurality of arcuate elements. 

A method of forming a wellbore casing within a wfellbore has also been 

30 described that includes supporting a tubular member within a wellbore. plastically 
defomning and radially expanding a portion of the tubular rinember to a first outside 
diameter, and plastically defomning and radially expanding another portion of ttie 
tubular member to a second outside diameter. In a preferred emtKxJiment, the first 
diameter is greater than the second diameter. In a pretend embodiment, plastically 
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deforming and radially expanding the portion of the tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodimer»t. the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a preferred enrrtjodiment. the conical sleeve includes a plurafity of 
arcuate elements. In a prefe^ed embodiment, plastically deforming and radially 
expanding the portion of the tubular member includes applying a radial force to the 
portion of the tubular member using an inflatable bladder. In a preferred embodiment 
plastically defomiing and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a roller expansion 
device. In a preferred embodiment, ttie method further includes injecting an annular 
body of a hardenabte fluidic sealing material into an annulus between the tubular 
member and the wellbore. In a prefened embodiment, the method further includes 
curing the annular body of hardenabte fluidic sealing material. 

A method of fomiing a monoKliameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the wellbore. 
plastically defomiing and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically defom,ing and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically defonning and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal. In a prefenred embodiment, the first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically deforming 
and radially expanding ttie first portion of the first tubular member Includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
fembodiment. the coni<al sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic, in a preferred embodinient, ttie conical sleeve includes a plurality of 
arcuate elements. In a preferred embodiment, pbstically defomiing and radially 
expanding ttie first portion of the first tubular member includes applying a radial force to 
the first portion of Uie first tubular member using an inflatabte bladder. Iri a preferred 
embodiment, plastically deforming and radially expanding ttie first portion of ttie first 
tubular member includes applying a radial force to ttie first portion of ttie first tubular 
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member using a roller expansion device, in a preferred embodiment, the method 
further includes injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the first tubular member and the wellbore. In a prefen-ed 
embodiment, the method further includes curing the annular body of hardenable fluidic 
5 sealing material, In a preferred embodiment, the method further includes Injecting an 
annular body of a hardenable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. In a preferred embodiment, the method 
further includes curing the annular body of hardenable fluidic sealing nwterial. 

An apparatus for coupling a first tubular member to a second tubular member 

10 has also been described that Includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically deforming and radially expanding another portion of the first tubular 
mennber to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overiapping relation to the first portion of the 

1 5 first tubular member, means for plastically deforming and radially expanding the 

second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic defomnations 
and radial expansions are substantially equal. In a preferred embodiment, the first 

20 outside diameter is greater than the second outside diameter. In a prefen*ed 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 

25 a preferred embodiment, the conical sleeve indudes a pluiBlity of arcuate elements. In 
a prefen-ed embodiment, the means for plastically deforming and radially expanding the 

ftfS t po r tion o f the fir s t tubul a r m e mhcr tnclndft j;jne pn^ fnr applying a raH j al fnrre to the 

first portion of the first tubular member using an inflatable bladder. In a prefenred 
emtKXliment, the means for plastically deforming and radially expanding the first 
30 portion of the first tubular member includes means for applying a radial force to the first 
portion of ttie first tubular member using a roller expansion device. In a preferred 
embodiment, the apparatus further includes means for injecting an annular body of a 
hardenable fiuidic sealing material into an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, the apparatus further Includes means for 
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curing the annular body of hardenable fluidic sealing materiaL In a preferred 
embodiment, the apparatus further includes means for injecting an annular body of a 
hardenable fluidic sealing material into ah annulus between the second tubular 
member and the wellbore. in a preferred embodiment, the apparatus further includes 
5 means for curing the annular body of hardenable fluidic sealing material. 

An apparatus for plastically defomning and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion 
of the tubular member, and means for plastically deforming and radially expanding 
another portion of the tubular member. 

10 An apparatus for plastically deforming and radially expanding a tubular member 

has also been described that Includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion coupled to a lower 

1 5 portion of the tubular member, a second annular portion coupled to the first annular 
portion that mates with the outer conical surface of the expansion cone, a third annular 
portion coupled to the second annular portion having a first outside diameter, and a 
fourth annular portion coupled to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, 

20 and a shoe haying a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

A method of plastically defomiing and radially expanding a tubular member has 
also been described that Indudes providing a lipped portion in a portion of the tubular 
member, and plastically deforming and radially expanding another portion of the tubular 

25 member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that Includes providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the fiist 
tubular member, positioning the second tubular member inside the first tubular member 
30 in overiapping relation to the lipped portion of the first tubular member, and plastically 
defonming and radially expanding the second tubular merhber. The inside diameters of 
the first and second tubular members after the plastic deforinations and radial 
expansions are substantially equal. 
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An apparatus for coupling a first tubular member to a second tubular member 
has also l>een described that includes means for providing a lipped portion in the first 
tubular member, means for plastically deforming and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member inside 
5 the first tubular member in overlapping relation to the lipped portion of the first tubular 
member, and means for plastically deforming and radially expanding the second 
tubular member. The inside diameters of the first and second tybular members after 
the plastic deformations and radial expansions are substantially equal. 

An apparatus for fonming a wellbore casing within a wellbore hais also been 
10 described that includes means for supporting a tubular member within the wellbore, 
means for providing a lipped portion in the tubular member, and means for plastically 
deforming and radially expanding another portion of the tubular member to a second 
outside diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 
15 described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
2Q mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diameter, and a fourth 
annular portion coupled to the third annular portion having a second outside diameter, 
wherein the second outside diameter is less than the first outside diameter, and a shoe 
having a vah^eable passage coupled to fourth annular portion of the expansion cone 
25 launcher. 

A method of forming a wellbore casing In a wellbore has also been described 

t h a t i nc lu d e s s upporting a tubul a r m e mb e r within tho w ol lbor c, providing a li p pe d 

portion in a portion of the tubular member, and plastically deforming and radially 
expanding another portion of the tubular member. In a prefened embodiment, the 
30 method further includes injecting a hardenable flukJic sealing material in an annulus 
between the tubular member and the wellt>ore. In a preferred embodiment, the method 
further includes curing the fluldic sealing material. 

A method of fonming a mono-diameter wellbore casing within a welllx)re has 
also been described that includes supporting a first tubular member within the wellbore. 



51 



providing a lipped portion in a portion of the first tubular member, plastically deforming 
and radially expanding another portion of the first tubular member, positioning the 
second tubular member inside the first tubular member In overlapping relation to the 
lipped portion of the first tubular member, and plastically deforming and radially 
5 expanding the second tubular member. The Inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are substantially 
equal. In a preferred embodiment, the method further includes injecting a hardenable 
fluidic sealing material in an annulus between the first tubular member and the 
wellbore. In a prefen-ed embodiment, the method further Includes curing the fluidic 

10 sealing material. In a preferred embodiment, the method further includes Injecting a 
hardenable fluidic sealing material in an annulus between the second tubular member 
and the wellbore. In a preferred embodiment, the method further includes curing the 
fluidic sealing material. 

An apparatus for fomiing a mono-diameter wellbore casing within a wellbore 

1 5 has alSQ been described that includes means for providing a lipped portion in the first 
tubular member, means for plastically defomning and radially expanding another portion 
of the first tubular mernber, means for positioning the second tubular member iriside 
the first tubular member in overiapping relation to the lipped portion of the first tubular 
memt)er, and means for plastically defomDing and radially expanding the second 

20 tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are sutistantially equal. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material in an annulus between the first tubular member and the wellbore. In a 
preferred embodiment, the apparatus further includes means for curing the fluidic 

25 sealing material. In a preferred emlxxjiment, the apparatus further includes means for 
injecting a hardenable fiuidic sealing material in an annulus between the second 
tubular member and the wellbore. In a preferred embodiment, the apparatus further 
includes means for curing the fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular member 

30 has also been described that includes means for plastically deforming ^nd radially 
expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a secorid end of the tubular member, in a prefenred emtxxliment, 
the apparatus further Includes means for anchoring the tubular merrter during the 
radial expansion. 
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An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first 
passage, an expansion cone coupled to the tubular support having a second passage 
fluididy coupled to the first passage and an outer conical surface, an annular 
6 expansion cone launcher movaUy coupled to outer conical surface of the expansion 
cone, an expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular e}9ansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 

10 in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically deform and 
radially expand a second end of the expandable tubular member. In a preferred 
emtxKliment, the apparatus further includes an anchoring member coupled to the 

1 5 tubular support member adapted to hold the expandable tubular. 

A method of plastically defonning and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first 
end of the tubular member, and plastically deforming and radially expanding a second 
end of the tubular member. In a preferred embodiment, the method further includes 

20 anchoring the tubular member during the radial expansion. In a prefen^ed embodiment, 
the first end of the tubular member is plastically defomied and radially expanded before 
the second end. In a preferred embodiment, plasticaliy defomning and radially 
expanding the second end of the tubular member includes Injecting a fluldic material 
into the tubular member. 

25 A method of coupling a first tubular member to a second tubular member has 

also been described that includes positioning the second tubular mennber inside the 

fir s t tubu la r member in a n overt o pping r ol ationsh i p , p las t i cal l y d o fonning o nd rad i a l l y — 

expanding the end of the second tubular member that overiaps with the first tubular 
member, and plastically deforming and radially expanding the remaining portion of the 

30 second tubular member. In a preferred embodinrwnt, the method further includes 
plastically defonming and radially expanding at least a portion of the second tubular 
member. In a preferred embodiment, the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 
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An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically deforming and radially expanding the end of the second tubular member that 
5 overlaps with the first tubular member, and means for plastically deforming and radially 
expanding the remaining portion of the second tubular member, la a preferred 
embodiment, the apparatus further includes means for plastically deforming and 
radially expanding at least a portion of the second tubular member. In a preferred 
embodiment, the inside diameters of the first and second tubular memt>ers are 

10 substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a welit)ore has also been 
described that includes means for supporting a tubular member within the wellbore, 
nrieans for plastically (jeforming and radially expanding a first end of the tubular 
, member, and means for plastically, deforming and radially expanding a second end of 

15 the tubular member. In a preferred embodiment, the apparatus further includes means 
for anchoring the tubular memt>er during the radial expansion. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenabie fluidic 
sealing material into an annulus between the tubular member and the went>ore. 
An apparatus for forming a wellbore casing within a wellbore has also been 

20 described that includes a tubular support nriember including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluididy 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 

25 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 
in opposite orientations. In a preferred emtxxJiment, the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable tubular 

30 member and ttie oUier annular expansion cone is adapted to plastically deform and 
radially expand a second erKi of the expandable tubular member. In a preferred 
embodiment, the apparatus further Includes an anchoring member coupled to the 
tubular support member adapted to hold the expandable tubular. 
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A method of forming a wellbore casing within a wellbore has also been 
described that includes plastically deforming and radially expanding a first end of the 
tubular member, and plastically deforming and radially expanding a second end of the 
tubular member. Ih a prefeaed embodiment, the method further Includes anchoring the 
5 tubular member during the radial expansion. In a prefenred embodiment, the first end 
of the tubular member is plastically deformed and radially expanded before the second 
end. In a prefeired embodiment, plastically deforming and radially expanding the 
second end of the tubular member includes injecting a fluidic matenal into the tubular 
member. In a preferred emtkKJiment* the method further includes injecting a 
1 0 hardenable fluidic sealing material into an annulus between the tubular member and 
the wellbore. 

A method of forming a wellbore casing \Mthln a wellbore has also been 
described that includes plastically defomiing and radially expanding a first tubular 
member within the wellbore. positioning a second tubular member inside the first 

1 5 tubular member in an overiapping relationship, plastically deforming and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, plastically defonming and radially expanding the remaining portion of the 
second tubular member. In a prefen-ed embodiment, the method further includes 
plastically defomiing and radially expanding at least a portion of the second tubular 

20 member. In a prefenred embodiment, the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic seaGng material 
Into an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing nnaterial 

25 into an annulus between the second tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

--des crib e d th a t i nc l ud e s -H;eans4QP-pla€ti c a lly defomi i ng and radia l ly exp a nding a first 

tubular member within the wellbore. means for positioning the second tubular member 
inside the first tubular member in an overiapping relationship, means for plastically 

30 defonming and radially expanding the end of the second tubular member that overlaps 
the first tubular member, means for plastically defonming and radially expanding 
the remaining portion of the second tubular member. In a prefenred embodiment, the 
apparatus further includes means for plastically deforming and radially expanding at 
least a portion of the second tubular member. In a preferred embodiment, the inside 
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diameters of the first and second tubular members are substantially equal after tfie 
radial expansions. In a preferred embodiment, the apparatus further includes means 
for injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the wellbore. In a prefen^ed embodiment, the apparatus further 
5 includes means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore 
casing within a wellbore has also been described that includes means for supporting a 
tubular member iri overiapping relation to the opposing ends of the wellbore casings. 

10 means for plastically defomning and radially expanding the tubular member, and means 
for plastically defomriing and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of bridging an axial gap between oppoang pairs of wellbore casing 
within a wellbore has also been desaibed that includes supporting a tubular member in 

1 5 overiapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of fonning a structure having desired strength characteristics has also 

20 been described that Includes providing a first tubular member, and plastically deforming 
and radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired sti-engtti characteristics are achieved. 

A method of fonning a wellbore casing within a wellbore having desired strength 
characteristics has also been described that includes plastically defonning and radially 

25 expanding a first tubular member within the wellbore. and plastically defonning and 
radially expanding additional tubular members onto the Interior surface of ttie first 
tubular member until the desired strengtfi characteristics are achieved. 

A method of coupling 9 first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODq and an original wall 

30 thickness to, has also been described that Includes plastically defonning and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
plastically defomning and radially expanding another portion of the first tubular member 
to a second outside diameter, positioning the second tubular member inside the first 
tubular m^ber in overiapping relation to the first portion of the first tubular member. 
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plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plastically defomning and radially expanding the second tubular 
meml)er to a fourth outside diameter, wherein the fnskJe diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
5 substantially equal, and 

wherein the ratio of the original outside diameter ODo of the first tubular nDember to the 
original wall thickness to of the first tubular member is greater than or equal to 16. 

A method of fonming a mono-diameter wellbore casing has also been descrit>ed 
that includes positioning a first tubular member within a wellbore. the first tubular 

10 member having an original outside diameter ODo and an original wall thickness to, 

plastically defonmtng and radially expanding a first portion of the first 6jbular member to 
a first outside diameter, plastically defomiing and radially expanding another portton of 
the first tubular member to a second outside diameter, positk>ning the second tubular 
member Inside the first tubular member in overtapping relation to the finst portk>n of the 

15 first tubular member, plastically deforming and radially expanding the second tubular 
memt>er to a third outside dianrieter. and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defonnatkMis and radial expansions 
are substantially equal, and wherein the ratio of the original outside diameter ODq of 

ZO the first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the 

.25 original outskJe diameter ODo of the first tubular member to the original wall thickness to 
of the first tubular member is greater than or equal to 16. 

— ^ An a ppar a tu s h as als o b ee n describ e d th a t inclu des^^lasticall y d e fomied and 

radially expanded first tubular memt>er having a first portion having a first outside 
diameter and a remaining portion having a second outskJe diameter, and a plastically 

30 deformed and radially expanded second tubular member coupled to the first portion of 
the first tubular member. The ratk) of the original outside diameter ODo of the first 
tubular member to the original wail thickness to of the first tubular member is greater 
than or equal to 16. In a preferred emt)odlment, the inside dianieters of the first arxJ 
second tubular members are substantially equal. 
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A wellbore casing formed in a wellbore has also been described that includes a 
plastically defonned and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a piastically defomied and radially expanded second tubular member 
5 coupled to the first portion of the first tubular nnember. The ratio of the original outside 
diameter ODo of the first tubular member to the original wail thickness to of the first 
tubular member is greater than or equal to 16. In a preferred embodiment, the inside 
diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically defonned and 
10 radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter ODo of the tubular member to the original v^ll thickness to of the 
tubular member is greater than or equal to 1 6. 

In several alternative embodiments, the methods and apparatus described and 
referenced above may be used to fonm or repair wellbore casings, pipelines, and 
15 structural supports. 

Although this detailed description has shown arxl described illustrative 
embodinnents of the invention, this description contemplates a wide rartge of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
20 Accordingly, it is appropriate that readers should construe the appended claims 
broadly, and in a manner consistent with the scope of the inventton. 
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Claims 

1 A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically defomiing and radially expanding a first portion of the first tubular 
nnember to a first outside ciiameten 

plastically defomiing and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular memtjer; 

plastically defomfiing and radially expanding the second tubular member to a 
third outside diameter; and 

plastically defomfiing and radially expanding the second tubular member to a 
fourth outsidediameten 

wherein the first and second tubular members after the plastic deformations and 
radial expansions define a passage having a constant cross sectional area. 

2. The method of daim 1 , wherein the first outside diameter is greater than the 
second outside diameter. 

20 3. The method of daim 1 , wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 

sleeve. 

25 4. The method of daim 3, wherein the conical sleeve Is frangible. 
— 5s — Th e m e thod of daim 3, wher o in th e conic a l s lee v e is e la s tic, 

6. The method of daim 3, wherein the conical sleeve comprises a plurality of 
30 arcuate elements. ^ 

7, The method of daim 1 , wherein plastically deforming and radially expanding the 
first portion of the fkst tubular member comprises: 

applying a radial force to the first portion of the first tubular nnember using an 
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inflatable bladder. 

8. The method of claim 1 . wherein plastically deforming and radially expanding the 
- first portion of the first tubular member comprises: 

5 applying a radial force to the first portion of the first tubular rnember using a 

roller expansion device. 

9. An apparatus for coupling a first tubular member to a second tubular member, 
^ comprising: 

1 0 means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter, 

means for positioning the second tubular member inside the first tubular 
15 member in overlapping relation to the first portion of the first tubular member; 

means for plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter, 
20 wherein the first and second tubular menrtbers after the plastic deformations and 

radial expansions define a passage having a constant cross sectional area. 

1 0. The apparatus of claim 9, wherein the first outside diameter is greater than the 
second outside diameter. 

25 - . 

1 1 . The apparatus of daim 9, wherein the means for plastically defonming and 
radially expanding the first portion of the first tubular nnember comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

30 

12. The apparatus of daim 1 1 , wherein the conical sleeve is frangible. 

13. The apparatus of daim 1 1 , wherein the conical sleeve is elastic. 
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14. The apparatus of daim 11. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

15. The apparatus of claim 9, wherein the means for plastically defotming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the firet tubular member 
using an inflatable bladder. 

16. The apparatus of daim 9. wherein the means for plastically defomiing and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 

17. A method of fomiing a mono-diameter wellbore casing within a wellbore. 
comprising: 

supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter. 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the radially expanded first portion of the first tubular memben 

plastically defomnihg and radially expanding the second tubular member to a 
third outside diameter; and 

plastically deforming and radially exparxiing the second tubular member to a 
fourth outside diameter; 

— wber o in tho first and s e cond tubular m c mboro after the pla s tic deformations and 

radial expansions define a passage having a constant cross sectior>al area. 

18. The method of daim 17. wherein the first outside diameter is greater than the 
second outside diameter. 

1 9. The method of daim 17. wherein plastically defomiing and radially expanding the 
first portion of the first tubular member comprises: 
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applying a radial force to the portion of the tubular member using a conical 

sleeve. 

20. The method of claim 1 9, wherein the conical sleeve is frangible. 

21 . The method of daim 19, wherein the conical sleeve is elastic. 

22. The method of daim 1 9, wherein the coniral sleeve compnses'a plurality of 
arcuate elements, 

23. The method of daim 17, wherein plastically defomiing and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. . 

24. The method of daim 17, wherein plastically deforming and radially expanding the 
first portbn of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

25. The method of claim 17, further comprising: 

injecting an annular body of a hardenabte fluldic sealing material Into an 
annulus between the first tubular member and the wellbore. 

26. The method of daim 25. further comprising: 

curing the annular body of hardenabte fluldic sealing material. 

27. The method of daim 17, further comprising: 

injecting an annular body of a hardenabte fluidlc sealing material Into an annulus 
between the second tubular nnember and the wellbore. 

28. The method of daim 27, further comprising: 

curing the annular body of hardenabte fluldic sealing material. 
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29. An apparatus for coupling a first tubular member to a second tubular member, 
comprisir^g: 

means for plastically defomiing and radiaUy expanding a first portion of the first 
tubular member to a first outside diameter; 

means for plastically deformvig and radially expanding another portion of the 
first tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the radially expanded first portion of the first tubular 
member, 

means for plastically defonning and radially expanding the second tubular 
member to a third outside dianieter; and 

mearis for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter; 

wherein the first and second tubular members after the plastic deformations and 
radial expansions define a passage having a constant cross sectional area. 

30. The apparatus of claim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

31 . The apparatus of daim 29. wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises; 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of daim 31 , wherein the conical sleeve is frangible. 

^ — Th e a ppar a tu s of d a im 31 , wh o r o in th e c on i c al s l oevo Is olastiG. 

34. The apparatus of daim 31 . wherein the conical sleeve comprises a plurality of 
arcuate elements. 

35. The apparatus of daim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 



63 



using an inflatable bladder. 

36. The apparatus of daf m 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

5 means for applying a radial force to the first portion of the first tubular member 

using a roller expansion device. 

37. The apparatus of daim 29, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into 
1 0 an annulus between the first tubular member and the welibore. 

38. The apparatus of daim 37, further comprising: 

means for curing the annular body of hardenable fluidic sealing material. 

15 39. The apparatus of daim 29, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the second tubular member and the welibore. 

40. The apparatus of daim 39, further comprising: 

20 means for curing the annular body of hardenable fluidic sealing material. 

41 . A method of coupling a first tubular member to a second tubular member, the firet 
tubular member having an original outside diameter ODo and an original wall thickness 
to. comprising: 

25 plastically defonning and radially expanding a first portion of the first tubular 

member to a first outside diameter, 

plastically defonning and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
30 overtapping relation to the first portion of the first tubular memben 

plastically deforming and radially expanding the second tubular member to ^ third 
outside diameter; and 

plastically defonning and radially expanding the second tubular niember to a 
fourth outside diameter. 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 
5 16. 

42. A method of fonning a mono-diameter wellbore casing, comprising; 

positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter ODo and an original wall thickness to; 
1 0 plastically defonming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 

plastically defonming and radially expanding another portion of the first tubular 
member to a second outskie diameter; 

positioning the second tubular member inside the first tubular member in 
1 6 overlapping relation to the first portion of the first tubular memben 

plastically defonning and radially expanding the second tubular member to a third 
outside diameter, and 

plastically defonming and radially expanding the second tubular member to a 
fourth outskie diameter; 
20 wherein the inskie diameters of the first and second tubular members after the 

plastic defomnatbns and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to - 
16. 
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1 . An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for piastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter; and 
5 rneans for plastically defonnlng and radially expanding a second portion of the 

tubular member to a second outside diameter. 

2. The apparatus of daim 1 . wtierein the first outside diameter Is greater than the 
second outside diameter. 

10 

3. The apparatus of claim 1 , wherein the means for plastically defonning and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

15 4. The apparatus of dalm 1, wherein the means for plastically defonning and 

radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

6. The apparatus of daim 1 . wherein the means for plastically defonning and 
20 radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

6. The apparatus of claim 1 . wherein the means for plastically defonning and 
radially expanding the first portion of the tubular member to the first outside diameter 

25 comprises nneans for applying a radial force to the first portion of the tubular member. 

7. The apparatus of claim 1 . wherein the means for piastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
Inflatable. 

30 

8. The apparatus of daim 1 , wherein tiie means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
indudes rolling means for applying radial pressure to the first portion of the tubular 
member. 
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9. An apparatus for plasticaDy deforming and radially expanding a tubular mennber, 
comprising: 

a tubular support member including a first fluid passage; 
5 an expansion cone coupled to the tubular support member having a second 

fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to tfie outer conical surface of ttie 

expansion cone; 

10 an annular expansion cone launcher coupled to the conical sleeve and a tower 

portion of the tubular member, and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

15 10. The apparatus of daim 9, wherein the conical sleeve is frangible. 

1 1 . The apparatus of daim 9, wherein the conical sleeve is elastic. 

12. The apparatus of daim 9, wherein the conical sleeve comprises a plurality of 
20 arcuate elements. 

13. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

ptasticaily deforming and radially expanding a portion of the tubular memt)er to 
25 a first outside diameter, and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter : 

14. The method of claim 1 3, wherein the first diameter Is greater than the second 
30 diameter. ... ^ • " 

15. The method of daim 13, wherein plastically defonming and radially expanding the 
portion of the tubular member comprises: 
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applying a radial force to the portion of the tubular member using a conical 
sleeve. 

16. The method of daim 15, wherein the conical sleeve is frangible. 

5 

17. The nfiethod of claim 15. wherein the conical sleeve is eiastid 

1 8. The method of claim 15, wherein the conical sleeve comprises a plurality erf 
arcuate elements. 

10 

19. The method of daim 13, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
15 bladder. 

20. The method of claim 1 3. wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
20 expansion device. 

21. A method of coupling a first tubular member to a second tubular memtDer. 
comprising: 

plastically defonning and radially expanding a first portion of the first tubular 
26 member to a first outside diameter, 

plastically defonning and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member Inside the first tubular member in 

overtapping relation to the first portion of the first tubular member; 
30 plastically defonning and radially expanding the second tubular member to a 

third outside diannieter. and 
plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter. 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

22. The method of daim 21 , wherein the first outside diameter is greater than the 
5 second outside diameter. 

23. The method of daim 21, wherein plastically defonming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
10 sleeve. 

24. The method of daim 23, wherein the conical sleeve is frangible. 

25. The method of daim 23, wherein the conical sleeve is elastic. 

15 

26. The method of daim 23. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

27. The method of daim 21 , wherein plastically deforming and radially expanding the 
20 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

28. The method of claim 21 . wherein plastically defomning and radially expanding the 
25 first portion of the first tubular rhember comprises: 

applying a radial force to the first portion of the first tubular member using a 
: roller ex pansion rtpviro 

29. An apparatus for coupling a first tubular member to a second tubular member, 
30 comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 
means for plastically defomiing and radially expanding another portion of the 

first tubular member to a second outside diameter. 
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means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular 
member; 

means for plastically deforming and radially expanding the second tubular 
5 member to a third outside diameter, and 

means for plastically defomning and radially expanding the second tubular 

member to a fourth outside diameter; 
wherein the inside diameters of the first and second tubular memtDers after the 

plastic deformations and radial expansions are.substant'ally equal. 

10. 

30. The apparatus of daim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

31 . The apparatus of daim 29, wherein the means for plastically defonning and 
15 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of daim 31 , wherein the conical sleeve is frangible. 

20 

33. The apparatus of daim 31 , vk^erein the conical sleeve is elastic. 

34. The apparatus of claim 31 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

25 

35. The apparatus of claim 29, wherein the means for plastically defonning and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

30. 

36. The apparatus of daim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 

35 
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37. An apparatus for forming a wellbore casing within a wellbore. comprising: 

means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the 

tubular member to a first outside diameter; and 
means for plastically defonming and radially expanding a second portion of the 

tubular member to a second outside diameter. 

38. The apparatus of daim 37, whierein the first outside diameter is greater than the 
second outside diameter. 

39. The apparatus of claim 37, wherein the means for plastically defomiing and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

40. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

41 . The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

42. The apparatus of claim 37. wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
comprises means for applying a radial force to the first portion of the tubular member. 

43. The apparatus of daim 37. Whemin the meani^ for p lastically def omiinq and 
radially expanding the first portion of the tubular member to the first outside diameter Is 
inflatable. 

44. The apparatus of daim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the firet outside diameter 
comprises rolling means for applying radial pressure to the first portion of the tubular 
member. 
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45. The apparatus of daim 37, further comprising: 

means for fonming an annular bo6y of a fluidic sealing materia) within an 
annulus between the tubular member and the wellbore. 

46. An apparatus for forming a wellbore casing within a wellbore, comprising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 

fluid passage fluidldy coupled to the first fluid passage and an outer 

conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member; and 
a shoe having a valveable passage coupled to an end of the expansion cone 

launcher. 

47. The apparatus of claim 46. wherein the conical sleeve is frangible. 

48. The apparatus of daim 46. wherein the conical sleeve is elastic. 

49. The apparatus of daim 46, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

50. A method of forming a wellbore casing within a wellbore, comprising: 

supporting a tubular member within a wellbore; 

plastically defonming and radially expanding a portion of the tubular member to 

a first outside diameter, and 
plastically defomning and radially expanding another portion of the tubular 

member to a second outside diameter. 

51 . The method of daim 50, wherein the first diameter is greater than the second 
diameter. 
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52. The method of claim 50, wherein plastically defomiing and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the.portion of the tubular member using a conical 
sleeve. 

53. The method of claim 50. wherein the conical sleeve Is frangible. 

54. The method of claim 50, wherein the conical sleeve is elastic. 

55. The method of claim 50. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

56. The method of claim 50, wherein plastically defonning and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

57. The method of daim 50, wherein plastically defonning and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

58. The method of claim 50. further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the tubular member and the wellbore. 

-S9- The method of daim 58. further mmpn<^jng: . 

curing the annular body of hardenable fluidic sealing material. 

60. A method of Umrnng a mono-diameter wellbore casing within a wellbore, 
comprising: 

supporting a first tubular merhber within the wellbore; 
plastically defonning and radially expanding a first portion of the first tubular 
member to a first outside diameter; 
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plastically deforming and radially expanding another portion of the first tubular 

nnember to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular niemben 
5 plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
plastically defonming and radially expanding the second tubular member to a 

fourth outside diameter, 
wherein the inside diameters of the first and second tubular members after the 

plastic defomiations and radial expansions are substantially equal. 

61 . The method of claim 60, wherein the first outside diameter is greater than the 
second outside diameter. 

15 62. The method of daim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

20 63. The method of daim 62, wherein the conical sleeve is frangible. 

64. The method of daim 62, wherein the corvcal sleeve is elastic. 

65. The method of daim 62, wherein the conical sleeve comprises a plurality of 
25 arcuate elements. 

66. The method of daim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
30 inflatable bladder. 

67. The method of daim 60. wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 
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applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 



10 



68. The method of daim 60, further comprising: 
injecting an annular body of a hardenaWe fluidic sealing material irito an 

annulus between the first tubular member and the wellbore. 

69. The method of claim 68, further comprising: 
curing the annular body of hardenable fluidic seaRng material. 

70. The method of daim 60. further comprising: 

Injecting an annular body of a hardenable fluidic sealing material into an 
anriulus between the second tubular member and the wellbore. 

16 71. The method of daim 70. further comprising: 

curing the annular body of hardenable fluidic sealing material. 

72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

20 means for plastically defomiing and radially expanding a first portion of the first 

tubular member to a first outside diameter, 
means for plastically defonming and radially expanding another portion of the 

first tubular member to a second outside diameten 
means for positioning the second tubular member inside the first tubular 
25 member in overiapping relation to the first portion of the first tubular 

member; 

means for p l astica l ly rieforniinry and radially fiYpanding th^ gcw^ nri tnhniar 

rriember to a third outside diameter, and 
means for plastically defomiing and radially expanding the second tubular 
30 member to a fourth outside diameter; 

wherein the Inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are sut>stantially equal. 
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73. The apparatus of claim 72, wherein the first outside diameter is greater than the 
second outside diameter. 

74. The apparatus of claim 72. wherein the means for piasficaify defonming and 
5 radially expanding the first portion of the first tubulaf member comprises: 

means for applying a radial force to the portion of the tubular meml)er using a 
conical sleeve. 

75. The apparatus of daim 74, wherein the conical sleeve is frangible. 

10 

76. The apparatus of daim 74, wherein the conical sleeve is elastic. 

77. The apparatus of daim 74, wherein the conical sleeve comprises a |:^urality of 
arcuate elements. 

15 

78. The apparatus of daim 72, wherein the means for plastically defomiing and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

20 

79. The apparatus of daim 72, wherein the means for plastically deforming and 
• radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of tiie first tubular member 
using a roller expansion device. 

25 

80. The apparatus of daim 72, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the first tubular member and the weilbore. 

30 81 . The apparatus of daim 80, further conprising: 

means for curing the annular body of hardenable fluidic searing material. 

82. The apparatus of daim 72, furtiier comprising: 
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means for injecting an annular body of a hardenable fluidic sealing material Into 
an annulus between the second tubular member and the wellbore. 



83. The apparatus of daim 82, further comprising: 

5 means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically defomilng and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
1 0 means for plastically deforming and radially expanding another portion of the 

tubular member. 

85. An apparatus for plastically defomning and radially expanding a tubular member, 
comprising: 

15 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support memk}er having a second 
fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 
20 a first annular portion coupled to a lower portion of the tubular member, 

a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
first outside diameter; and 
25 a fourth annular portion coupled to the third annular portion having a 

secoTKi outside diameter; 

where i n the SP.nnnd nntsfde diametftr is lf*<;,<; than t h e first nut.cside 

diameter; and 

a shoe having a valveable passage coupled to fourth annular portion of the 
30 expansion cone launcher. 

86. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member, and 
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plastically deforming and radially expanding another portion of the tubular 
member. 



87. A method of coupling a first tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member, 
plastically defonming and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member inside the first tubular member in 

overiapping relation to the lipped portion of the first tubular member, and 

plastically deforming and radially expanding the second tubular mentber; 

wherein the Inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular member to a second tubular member, 

comprising: 

means for providing a lipped portion in the first tubular member; 

means for plastically deforming arid radially expanding another portion of the 

first tubular member; 
means for positioning the second tubular member inside the first tubular . 

member in overlapping relation to the lipped portion of the first tubular 

member, and 

means for plastically deforming and radially expanding the second tubular 
meml>er; 

wherein the inside diameters of the first and second tubular memt>ers after the 
plastic deformations and radial expansions are substantially equal. 

89. An apparatus for forming a wellbore casing within a wellbore, comprising: 

means for supporting a tubular member within the wellbore; 
means for providing a lipped portion in the tubutiar member, and 
means for plastically deforming and radially expanding anotiier portion of the 
tubular member to a second outside diameter. 

90. An apparatus fpr forming a wellbore casing within a wellbore, comprising: 
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a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluidldy coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member; 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 

first outside diameter, and 
a fourth annular portion coupled to the third annular portion having a 

second outside diameten 
wherein the second outside diameter is less than the first outside 
diameter; and 

a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

91 . A method of forming a wellbore casing in a wellbore. comprising: 

supporting a tubular member within the v^llbore; 
providing a lipped portion in a portion of the tubular member; and 
plastically defonming and radially expanding another portion of the tubular 
member. 

92. The method of daim 91 , further comprising: 

injecting a hardenlable fluidic sealing material In an annulus between the tubular 
member and the wellbore. 



93. The method of daim 92, further comprising: 
curing the fluidic sealing material. 

94. A method of fomiing a mono-diameter wellbore casing within a wellbore. 
comprising: 

supporting a first tubular member within the welll>ore; 

providing a lipped portion in a portion of the first tubular member* 
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plastically deforming and radially expanding another portion of the first tubular 
nnember; 

positioning the second tubular menriber inside the first tubular member m 

overlapping relation to the lipped portion of the first tubular memben and 
5 plastically deforming and radially expanding the second tubular member. 

wherein the Inside diameters of the first and second tubular mclmbers after the 
plastic defomiations and radial expansions are substantially equal. 

95. The method of claim 94, further comprising: 

10 injecting a hardenable fluidic sealing material in an annulus between the first 

tubular member and the weilbore. 

96. The method of daim 95, further comprising: 
curing the fluidic sealing material. 

15 

97. The method of daim 94, further comprising: 

injecting a hardenable fluidic sealing material In an annulus between the second 
tubular member and the weilbore. 

20 98. The method of daim 97, further comprising: 
curing the fluidic sealing material. 

99. An apparatus for fonmlng a mono-diameter weilbore casing within a weilbore, 

comprising: 

25 means for providing a lipped portion in the first tubular member, 

means for plastically defomiing and radially expanding another portion of the 

first tubular member; 
means for positioning the seciDnd tubular member inside the first tubular 

member in overtapping relation to the lipped portion of the first tubular 
30 member; and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 
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100. The apparatus of claim 99, further comprising: 

megns for injecting a hardenable fluidic sealing material in an annulus between 
the first tubular member and the wellbore. 

5 

101 . The apparatus of daim 100, further comprising: 
nfieans for curing th9 fluidic seating nriaterial. 

1 02. The apparatus of daim 99, further comprising: 

10 means for injecting a hardenable fluidic sealing material in an annulus between 

the second tubular member and the wellbore. 

103. The apparatus of daim 102, further comprising: 
meians for curing the fluidic sealing material. 

15 

104. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically defonning and radially expanding a first end of the tubular 
member, and 

20 means for plastically deforming and radially expanding a second end of the 

tubular member. 



105. The apparatus of daim 104, further comprising: 

means for anchoring the tubular member during the radial expansion. 

25 

106. An apparatus for plastically defonning and radially expanding a tubular member, 
comp rising: ^ 

a tubular support member induding a first passage; 
an expansion cone coupled to the tubular support having a second passage 
30 fluididy coupled to the first passage and an outer conical surface; 

an annular expansion cone lauricher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansiori 

cone launcher. 
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a shoe coupled to another end of the annular expansion cone launcher having a 

valveat>le fluid passage; and 
another annular expansion cpne movably coupled to the tubular support 

member; 

5 wherein the annular expansion cones are positioned in opposite orientations. 

1 07. The apparatus of claim 106, wherein the annular expansion cone Is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 

1 0 expand a second end of the expandable tubular member 

1 08. The apparatus of daim 1 06, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

15 

109. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a first end of the tubular member; 
and 

20 plastically deforming and radially expanding a second end of the tubular 

member. 

110. The method of daim 1 09, further comprising: 
anchoring the tubular member during the radial expansion. 

25 

111. The method of claim 109, wherein the first end of the tubular member is 
plastically defomned and radially expanded before the second end. 

112. The mettKxl of daim 109, plastically defonrning and radially expand! 

30 second end of the tubular member comprises injecting a flutdic material Into the tubular 
member. 

1 13. A method of coupling a first tubular member to a second tubular member, 
comprising: 
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positioning the second tubular member inside the first tubular member in an 

overlapping relationship; 
plastically defonming and radially expanding the end of the second tubular 

member that overlaps with the first tubular memben 
5 i}lastically deforming and radially expanding the remaining portion of the second 

tubular member. 

114. The method of claim 1 1 3. further comprising: 

plastically deforming and radially expanding at least a portion of the second 
10 tubular member. 

115. The method of daim 1 14, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

15 116. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for positioning the second tubular member inside the first tubular 

member in an overlapping relationship; 
means for plastically deforming and radially expanding the end of the second 
20 tubular member that overlaps with the first tubular nfiemben 

means for plastically defonning and radially expanding the remaining portion of 

the second tubular member. 

117. The apparatus of claim 1 16. further comprising: 
25 means for plastically defomiing and radially expanding at least a portion of the 

second tubular member. 



1 1 8. The apparatus of daim 1 1 7, wherein the Inside diameters of the first and second 
tulHilar members are substantially equal after the radial expansions. 

30 

1 19. An apparatus for fonming a wellbore casing within a wellbore, comprising: 

means for supporting a tubular member'within the wellbore;* 
means for plastically deforming and radially expanding a first end of the tubular 
member, and 
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means for plastically deforming and radially expanding a second end of the 
tubular meml)er. 

120. The apparatus of claim 1 19. further.comprising: 

means for anchoring the tubular member during the radial expansion. 

1 21 . The apparatus of daim 1 1 9, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 

122. An apparatus for fonnlng a wellbore casing within a wellbore, comprising: 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 

fluidicly coupled to the first passage and an outer conical surface; 
an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher; 

a shoe coupled to another end of the annular expansion cone launcher having 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 

member; 

wherein the annular expansion cones are positioned in opposite orientations. 

123. The apparatus of claim 122, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plasticaHy defomi and radially 
expand a second end of the expandable tubular member. 

1 24. The apparatus of claim 1 22, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

125. A method of forming a wellbore casing within a wellbore. comprising: 
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plastically deforming and radially expanding a first end of the tubular member, 
and 

plastically deforming and radially expanding a second end of the tubular 
member. 

1 26. The method of claim 1 26. further comprising: 
anchoring the tubular member during the radial expansion. 

127. The method of claim 125, wherein the first end of the tubular member is 
plastically deformed and radially expanded before the second end, 

128. The method of daim 125. plastically defomiing and radially e)^anding the 
second end of the tubular member comprises Injecting a fluidic material into the tubular 
member. 

15 

1 29. The method of daim 1 25, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular member and the weltbore. 

20 130. A method of fomriing a wellbore casing within a wellbore, comprising: 

plastically defomting and radially expanding a first tubular member within the 
welltx)re; 

positioning a second tubular member Inside the first tubular member in an 

overiapping relationship; 
25 plastically defomiing and radially expanding the end of the second tubular 

member that overiaps with the first tubular meml)er, 
. plastically defomiing and radially expanding the remaining portion of the second 

tubular member. 

30 131. Themethodof daim 130, further comprising: 

plastically defomiing and radially expanding at least a portion of the second 
tubular member. 
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132. The method of daim 131. wherein the Inside diameters of the first and second 
tubular memljers are substantially equal after the radial expansions. 

1 33. The method of daim 1 30. further comprising: 

Injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the wellbore, 

1 34. The method of daim 1 30, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. 

1 35. An apparatus for fonning a wellbore casing within a wellbore. comprising: 

means for plastically deforming and radially expanding a first tubular member 

within the wellbore; 
means for positioning the second tubular member inside the first tubular 

member In an overiapping relationship; 
means for plastically defonming and radially expanding the end of the second 

tubular member that overiaps with the first tubular member; 
means for plastically deforming and radially expanding the remaining portion of 

the second tubular member. 

1 36. The apparatus of daim 1 35. further comprising: 

means for plastically defonning and radially expanding at least a portion of the 
second tubular rnember. 

137. The apparatus of daim 136, wherein the inside diameters of the first and second 
tubular niembers are substantially equal after the radial expansions. 

1 38. The apparatus of daim 1 35, further comprising: 

means for injeding a hardenable fluidic sealing material into an arwiulus 
between the first tubular member and the wellbore. 
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139. 



The apparatus of claim 135. further comprising: 
means for Injecting a hardenable fluldic sealing material into an annulus 
between the second tubular member and the wellbore. 



5 1 40. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore. comprising: 

means for supporting a tubular member in overiapping relation to the opposing 

ends of the welltx)re casings; 
means for plastically deforming and radially expanding the tubular member; and 
10 means for plastically deforming and radially expanding the tubular member and 

the opposing ends of the wellbore casings. 

141 . A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore. comprising: 

^6 supporting a tubular member in overiapping relation to the opposing ends of the 

wellbore casings; 

plastically deforming and radially expanding the tubular member, and 
plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

20 

142. A method of forming a structure having desired strengtti characteristics, 
comprising: 

providing a first tubular member; and 

plastically deforming and radially expanding additional tubular members onto 
25 the interior surface of the first tubular member until the desired strength 

characteriSics' are achieved. 



143. A method of fonnlng a wellbore casing within a wellbore having desired strength 
characteristics, comprising: 
30 plastically deforming and radially expanding a first tubular niember within the 

wellbore; and 

plastically defomning and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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144. A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter OOo and an original wail thickness 
to. comprising: 

5 plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter, 
plastically defomiing and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 
1 0 overiapping relation to the first portion of the first tubular member. 

plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
plastically deforming and radially expanding this secorKJ tubular member to a 

fourth outside diameter 
1 5 wherein the inside diameters of the first and second tubular members after the 

plastic defonrations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter ODq of the first tubular 

member to the original wall thickness to of the first tubular member is 

greater than or equal to 16. 

20 

145. A method of forming a mono-diameter wellbore casing, comprising: 

positioning a first tubular memt>er within a wellbore, the first tubular member 
having an original outside diameter ODo and an original wall thickness 
to; 

25 plastically defonmlng and radially expanding a first portion of the first tubular 

. member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameten 
positioning the second tubular member inside the first tubular member in 
30 overiapping relation to the first portion of the first tubular member, 

plastically deforming and radially exparKling the secorxi tubular member to a 

third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. 
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wherein the inside diameters of the first and second tubular members after the 
plastic defomriatlons and radial expansions are substantially equal; and 

wherein the ratio of tfie original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member Is 
5 greater than or equal to 1 6. 

146. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member having a first 

portion having a first outside diameter and a remaining portion having a 
10 second outside diameter. 

wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6. 

15 147. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a 
second outside diameter; and 
a plastically deformed and radially expanded second tubular member coupled 
20 to the first portion of the first tubular member, 

wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member Is 
greater than or equal to 16. 

25 148. The apparatus of daim 147, wherein the Inside diameters of the first and second 
tubular members are substantially equal. 

149. A wellbore casing formed in a wetlbore, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
. 30 portion having a first outside diameter and a remaining portion having a 

second outside diameter, and 
a plastically deformed and radially expanded second tubular member coupled 
to the first portion of the first tubular member. 
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wherein the ratio of the original outside diameter 00© of the first tubular 

member to the original wall thidcness to of the first tubular member is 
greater than or equal to 16. 

5 1 50, The casing of claim 1 49, wherein the inside diameters of the first and second 
tubular memtiers are substantially equal. 

An apparatus, comprising: 

a plastically defomned and radially expanded tubular member, 
wherein the ratio of the original outside diameter ODo of the tut)ular member to 
the original wall thickness to of the tubular member is greater than or 
equal to 16. 
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